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ABSTRACT 


The  purpose  of  this  study  was  to  examine  the  effects  of  various 
intensities  and  durations  of  warm-up  and  the  length  of  rest  following 
warm-up  on  acceleration,  velocity,  and  muscular  endurance  as  measured 
by  a  twenty-five  second  sprint  on  a  bicycle  ergometer.  The  hypothesis 
was  that  there  would  exist  a  specific  intensity  and  duration  of  warm-up 
which  would  be  superior  to  any  other  warm-up  and  to  the  control  situa¬ 
tion.  It  was  also  hypothesized  that  there  would  be  significant  two 
factor  interactions  between  all  three  independent  variables.  Sixty-six 
Edmonton  boys,  aged  twelve  to  fourteen  years,  were  tested,  each  one 
performing  one  type  of  warm-up  on  a  treadmill  before  pedalling  a  bicycl 
ergometer  for  twenty-five  seconds  at  maximum  speed. 

The  results,  as  analyzed  by  analysis  of  covariance  with  weight 
as  the  covariate,  showed  that  a  preliminary  rest  period  resulted  in 
significantly  greater  acceleration,  velocity,  and  muscular  endurance 
than  the  average  results  of  all  the  warm-up  conditions.  A  warm-up  at 
six  miles  per  hour  produced  significantly  better  results  in  all  three 
dependent  variables  than  did  one  at  four  miles  per  hour.  The  length  of 
warm-up,  although  not  statistically  significant,  strongly  suggested  an 
optimal  duration  of  six  minutes  over  one  or  eleven  minutes  at  a  speed 
of  six  miles  per  hour  but  little  difference  at  a  speed  of  four  miles 
per  hour.  The  length  of  the  rest  period  following  warm-up  had  no 


effect  on  performance. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 

Introduction 

The  concept  that  "warm-up"  is  beneficial  to  athletic  performance 
has  been  accepted  by  most  coaches,  physical  educators  and  physiologists 
since  the  time  of  Ancient  Greek  athletics,  2,600  years  ago  (39).  Most 
athletic  performers  have  their  own  warm-up  rituals  which  they  faithfully 
adhere  to  before  each  practice  and  competition  in  the  belief  that  they 
will  prevent  injury  or  be  advantageous  to  their  subsequent  performance. 

Seaton  (51:137)  states  that:  "The  physiological  necessity  of  the 
warm-up  is  well  known  and  accepted  in  athletics  and  physical  education." 

Gillett,  a  medical  doctor,  says  (20:1117)  "I  am  certain  that  a 
warm-up  not  only  is  helpful  in  bettering  performance  but,  much  more 
important,  is  essential  in  preventing  injuries." 

The  conflicting  results  of  a  number  of  empirical  findings  in  the 
last  twenty  years  has  caused  a  great  deal  of  controversy  to  arise  over 
the  effects  of  warm-up  on  performance.  Some  studies  have  shown  that 
warm-up  increases  speed  of  movement  (1,12,47,62);  some  say  it  decreases 
speed  (10);  some  authors  say  a  related  warm-up  is  most  beneficial  (12,62), 
and  yet  other  investigators  say  an  unrelated  one  enhances  performance  to 
the  greater  degree  (47,54);  some  studies  state  that  warm-up  decreases 
muscle  viscosity  (1,18,36,40,48,56);  some  suggest  increased  neuromuscular 
facilitation  (8,16,64);  some  say  the  major  benefits  are  gained  from  in¬ 
creased  circulation  (12,40,46),  and  others  suggest  any  benefits  derived 
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from  a  warm-up  are  mainly  psychologically  induced  (56). 

It  is  quite  possible  that  much  of  the  confusion  regarding  the 
effects  of  warm-up  on  performance  is  due  to  the  extreme  variety  in  the 
types  of  warm-up  used  by  the  various  investigators.  For  example:  four 
laps  around  the  gym  at  the  subject's  own  pace  (60),  thirty  minutes  of 
bicycle  pedalling  at  a  work  load  of  660  kpm  per  minute  (l),  eight  revolu¬ 
tions  on  a  bicycle  ergometer  (55),  twelve  jumping  jacks  (55),  thirty 
minutes  of  jogging  and  sprinting  followed  by  fifteen  minutes  of  rest  and 
then  ten  minutes  of  light  warm-up  (64).  In  order  to  test  the  value  of 
warm-up  an  investigator  must  not  just  look  at  one  specific  level  and 
intensity,  but  must  investigate  the  possible  effects  of  a  number  of 
degrees  and  intensities  of  warm-up.  Perhaps  different  types  of  warm-up 
are  better  for  different  sports;  perhaps  different  durations  and  inten¬ 
sities  act  differently  on  different  subjects.  Perhaps  age,  environmen¬ 
tal  temperature  and  humidity,  initial  body  temperature,  sex,  altitude  and 
many  other  factors  must  be  considered.  Perhaps  warm-up  produces  no 
beneficial  effects  at  all. 

In  order  to  gain  a  better  insight  into  the  problem  physical  educa¬ 
tors  must  approach  it  in  a  systemmatic  manner.  This  can  be  accomplished 
if  an  investigator  takes  one  small  area  and  covers  it  thoroughly,  then 
the  next  study  can  proceed  logically  from  there.  Because  of  the  seeming¬ 
ly  specific  nature  of  warm-up,  each  investigation  should  delimit  itself 
to  a  particular  type  of  performance.  The  types  of  warm-ups  could  be  such 
activities  as  "steady  pace"  running,  "wind"  sprints,  specific  practice, 
calisthenics  or  passive  heating,  but  whatever  it  may  be  the  investigator 
must  thoroughly  examine  all  aspects  of  it  so  that  on  completion  of  his 
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study  he  can  state  that  this  particular  level  and  intensity  of  this  type 
of  warm-up  resulted  in  optimal  performance  improvement. 

Most  athletic  activities  require  speed  of  muscular  contraction, 
some  form  or  type  of  strength,  accuracy,  balance,  coordination,  concentra¬ 
tion,  reaction  time,  flexibility  and  endurance.  It  would  seem  advanta¬ 
geous  for  researchers  to  study  the  effects  of  warm-up  on  these  components 
of  performance  rather  than  on  specific  skills  as  an  entity  themselves, 
with  the  assumption  (questionable  as  it  may  be)  that  a  beneficial  effect 
on  one  or  more  of  these  factors  would  result  in  a  similar  performance 
improvement  in  all  activities  involving  one  or  more  of  these  particular 
components.  Once  the  most  favorable  specific  intensity  and  duration  for 
each  type  of  warm-up  had  been  established  for  a  particular  component  of 
physical  performance,  these  optimal  combinations  could  be  compared  with 
one  another  with  the  anticipated  result  being  the  discovery  of  the  exact 
level,  intensity  and  type  of  warm-up  which  will  produce  the  most  bene¬ 
ficial  gains  in  performance  for  the  component.  The  ultimate  aim  of 
this  logical  pattern  of  research  is  the  evolvement  of  the  most  benefi¬ 
cial  and  efficient  warm-up  for  every  conceivable  situation. 

The  components  of  performance  which  will  be  investigated  in  this 
study  are  acceleration,  velocity  and  muscular  endurance.  These  compo¬ 
nents  are  the  basic  ones  involved  in  sprint  running  and  are  important 
in  all  types  of  athletic  performance.  If  warm-up  is  actually  a  process 
of  raising  the  body  temperature,  in  particular  the  temperature  of  the 
working  muscles,  then  the  velocity  of  muscular  contraction  should  in¬ 
crease  thereby  increasing  the  acceleration  and  velocity  of  the  active 
limbs.  These  three  dependent  variables,  acceleration,  velocity  and 
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muscular  endurance  will  be  measured  by  an  "all-out"  twenty-five  second 
ride  on  a  bicycle  ergometer. 

The  Probl em 

The  purpose  of  this  study  is  to  investigate  the  effects  of  a 
particular  type  of  warm-up,  namely,  steady  pace  walking  and  running,  on 
particular  aspects  of  muscular  endurance  and  the  velocity  of  muscular 
contraction,, 

Subsidiary  Problems 

The  subsidiary  problems  of  this  study  are: 

1.  To  determine  the  optimal  intensity  and  duration  of  the  warm¬ 
up  activity  as  well  as  the  most  beneficial  time  interval  between  warm¬ 
up  and  athletic  performance. 

2.  To  investigate  the  interactions  between  intensity,  duration 
and  time  lapse  of  warm-up. 

3.  To  investigate  the  type  and  degree  of  trend  of  performance 
with  increasing  duration  and  time  lapse. 

Del  imitations 

Some  of  the  delimitations  of  this  study  are: 

1.  The  subjects  used  were  sixty-six  non-randomly  chosen  Boy 
Scouts  and  therefore  inferences  to  a  larger  population  are  questionable. 

2.  The  parameters  studied  are  restricted  to  the  specific  depen¬ 
dent  and  independent  variables  chosen  for  this  investigation.  The 
statistical  model  is  therefore  a  Fixed  Effects  Model  and  inferences 
cannot  be  made  to  other  treatment  conditions  and  performance  criteria. 
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Limitations 

The  most  severe  limitations  associated  with  the  study  are: 

1.  Psychological  and  motivational  factors  may  increase  the  varia¬ 
bility  within  groups,  thereby  overshadowing  treatment  differences. 

2.  The  computation  of  the  dependent  variables  from  the  recording 
paper  necessitates  some  estimations  and  consequently  error  will  be  in¬ 
troduced  into  the  results. 

3.  The  reliability  of  the  dependent  variables  is  a  limiting 

factor. 

4.  The  temperature  of  the  laboratory  can  be  controlled  only 
within  a  range  of  four  to  six  degrees  Farenheit,  thus  causing  variation 
in  the  actual  warming  effect  of  the  different  warm-up  conditions. 

5.  The  dependent  variable  defined  as  muscular  endurance  is 
highly  correlated  with  velocity  and  therefore  may  not  be  a  good  measure 
of  muscular  endurance  as  such. 

6.  The  dependent  variables  of  muscular  endurance,  acceleration 
and  velocity  are  highly  specific  variables  and  therefore  generalizations 
are  restricted  by  the  definitions  of  these  variables  as  stated  in  this 
thesis . 

Definition  of  Terms 

Warm-up.  Warm-up  is  used  in  the  generally  accepted  manner,  that 
is,  a  preliminary  activity  to  performance,  the  purpose  being  to  enhance 
the  level  of  performance.  Whether  or  not  any  parts  of  the  body  actually 
undergo  an  increase  in  temperature,  although  an  important  consideration, 
is  not  examined  in  this  investiation  and  is  not  implied  by  the  term  warm¬ 
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Related  warm-up.  A  related  warm-up  is  one  which  involves  the 
same  general  muscle  area  as  will  be  used  in  the  performance  criterion, 
but  is  not  actual  practice. 

Practice  warm-up.  Preliminary  activities  of  exactly  the  same 
nature  as  the  actual  performance  are  defined  as  practice. 

Unrelated  warm-up.  A  warm-up  which  does  not  include  solely  the 
muscle  area  used  in  the  performance  activity  is  termed  an  unrelated  warm¬ 
up.  General  calisthenics  are  classified  in  this  category. 

Passive  warm-up.  Passive  warm-up  is  warm-up  in  which  the  subject 
exerts  no  effort  nor  applies  any  external  force.  The  subject's  muscles 
and/or  body  temperature  is  increased  or  decreased  by  external  applica¬ 
tions  such  as  showers  or  short  wave  diathermy. 

Severe  warm-up.  A  severe  warm-up  is  one  which,  by  this  investi¬ 
gator  !s  subjective  appraisal,  would  result  in  general  or  specific  fatigue 
to  the  point  of  cessation  of  activity  in  approximately  ten  minutes  or 
less.  Because  of  the  subjectiveness  of  the  classification  it  is  a 
rather  flexible  definition. 


Moderate  warm-up.  A  moderate  warm-up  is 
activity  which  elicits  cardiovascular  responses 
of  such  normal  daily  activities  as  standing  and 
is  a  subjective  evaluation  by  this  investigator 


defined  as  a  preliminary 
above  and  beyond  those 
leisurely  walking.  It 
and  therefore  subject  to 


considerable  variation. 
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Acceleration.  For  the  purposes  of  this  study  acceleration  is 
defined  as  the  time  required  to  pedal  four  full  revolutions  on  the 
bicycle  after  the  completion  of  the  first  revolution. 

Maximum  velocity.  The  maximum  number  of  pedal  revolutions  per¬ 
formed,  calculated  to  the  nearest  one-hundredth  of  a  revolution,  in  any 
one-second  interval  during  the  twenty-five  second  bicycle  ride  is  defined 
as  the  maximum  velocity. 

Muscular  endurance.  Muscular  endurance  is  operationally  defined 
as  the  total  number  of  revolutions  performed  in  the  twenty-five  second 
ride.  As  velocity  begins  to  decline  after  approximately  ten  seconds  (13) 
this  measure  will  be,  to  some  degree,  a  measure  of  muscular  fatigue  but 
will  obviously  also  include  a  component  of  velocity. 

Intensity  of  warm-up.  The  intensity  of  a  warm-up  is  a  measure  of 
the  rate  at  which  the  activity  is  being  performed.  The  greater  the  rate 
of  movement,  and  force  required  for  that  movement,  the  greater  the  inten¬ 
sity.  Moderate  and  severe  warm-ups  as  previously  defined  are  levels  of 
the  factor  intensity. 

Duration  of  warm-up.  The  duration  of  a  warm-up  is  the  actual 
period  of  time,  measured  in  seconds,  in  which  the  preliminary  activities 
were  conducted. 

Time  lapse.  Time  lapse  is  the  period  of  time  from  cessation  of 
warm-up  to  commencement  of  the  performance  activity. 
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Theoretical  Hypothesis 

1.  :  The L intensity  of  warm-up  will  affect  the  performance  vari¬ 
ables  acceleration,  velocity  and  muscular  endurance.  The  manner  in 
which  these  variables  are  affected  will  depend  on  the  duration  of  the 
warm-up  and  the  length  of  the  restiperiod  following  warm-up. 

2.  There  exists  a  specific  intensity,  duration  and  time  lapse 
which  will  produce  optimal  performance  for  a  specific  activity. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 


Introduction 

The  number  of  studies  conducted  and  reported  in  the  literature 
involving  various  types  of  warm-up  is  quite  extensive  and  yet  one  still 
cannot  draw  any  valid  conclusions  as  to  the  effects  of  warm-up  on  per¬ 
formance.  The  reason  for  this  is  the  extreme  diversity  of  the  warm-up 
factors  employed  in  the  various  studies  thus  making  comparisons  and 
summaries  difficult  and  often  meaningless.  The  varying  factors  which 
cause  this  difficulty  are:  the  type  of  warm-up  (related,  practice,  un¬ 
related,  or  passive),  the  duration  and  intensity  of  the  warm-up,  the 
time  lapse  between  warm-up  and  performance,  the  type  of  performance 
criterion  (speed,  endurance,  strength,  power,  flexibility,  accuracy,  or 
general  motor  ability),  the  care  taken  in  experimental  methods  and  the 
adequacy  of  experimental  controls.  The  most  concise  and  comprehensive 
method  of  presenting  and  observing  these  factors  is  in  the  form  of  tables 

Tables  I  and  II  give  a  fairly  detailed  review  of  the  studies 
reported  involving  the  effects  of  warm-up  on  speed  and  endurance  respec¬ 
tively,  Because  the  effects  of  warm-up  on  other  performance  criteria  are 
not  being  investigated  in  this  study  an  analysis  of  studies  using 
dependent  variables  other  than  speed  and  endurance  has  not  been  reported 
in  detail.  The  type  of  warm-up  as  reported  in  these  tables  is  based  on 
the  definition  as  stated  in  Chapter  I  of  this  thesis.  The  reported  inten 
s ity  of  warm-up  is  also  based  on  a  previous  definition  and,  due  to  the 
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nature  of  the  definition,  is  a  very  subjective  type  of  classification  in 
which  the  reported  levels  cannot  be  considered  completely  autonomous. 

In  a  number  of  studies  the  author  failed  to  report  the  duration  or  time 
lapse  and  consequently  the  tables  are  not  complete. 

Table  III  summarizes  the  studies  reported  in  Tables  I  and  II  and 
includes  the  results  of  investigations  using  performance  criteria  other 
than  speed  and  endurance.  The  category  entitled,  "Strength  and  Power," 
includes  the  following  performance  criteria:  direct  measures  of  strength 
(8,53,59),  vertical  jump  (37,44,45,60),  and  softball  or  baseball  throw 
(38,49,55,63).  The  activities  listed  under  the  heading,  "Others,"  are 
accuracy  as  measured  by  basketball  free  shooting  (55,60,62),  accuracy 
as  measured  by  shuffleboard  skill  (8),  and  general  ability  as  measured 
by  Scott's  Motor  Ability  Test  (56). 

The  per  cent  values  of  Tables  II  and  IV  give  the  per  cent  of 
studies,  using  that  specific  type  of  warm-up,  which  resulted  in  the  par¬ 
ticular  change  in  performance  under  which  heading  the  figure  is  listed. 
The  bracketed  figure  gives  the  total  number  of  studies  reporting  this 
result.  For  example,  in  Table  II,  of  all  the  studies  reported  in  which 
speed  of  movement  was  the  performance  tested  and  a  related  warm-up  pre¬ 
ceded  it,  17  per  cent,  or  one  out  of  six,  of  the  studies  showed  warm-up 
improved  speed.  No  change  in  speed  was  noted  in  83  per  cent  or  five 
out  of  six  of  these  studies.  There  were  no  reported  studies  in  which  a 
related  warm-up  was  detrimental  to  speed  of  movement.  Some  studies  could 
not  be  classified  accurately  according  to  intensity  and/or  duration  and 
therefore  the  totals  of  Table  IV  do  not  correspond  to  the  total  number 
of  studies  reported  in  Table  III. 
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TABLE  III 

SUMMARY  OF  WARM-UP  EFFECTS  AS  CITED  IN  TEE  LITERATURE 


Criterion 

Type  of  Warm-Up 

Improved  No  Change  in 

Performance  Performance 

Detrimental  to 
Performance 

Speed 

Related 

Unrelated 

Practice 

Passive 

1  7%  (1) 

40%  (2) 

29%  (2) 

43%  (3) 

83%  (5) 

60%  (3) 

57%  (4) 

57%  (4) 

14%  (1) 

All  types 

32%  (8/25) 

64%  (16/25) 

4%  (l/25) 

Endurance 

Rel ated 

Unrelated 

Practice 

Passive 

50%  (1) 

100%  (1) 

29%  (2) 

100%  (5) 

50%  (1) 

57%  (4) 

14%  (1) 

All  types 

27%  ( 4/l5 ) 

67%  (10/15) 

7%  (l/l5) 

Strength 

and 

Power 

Related 

Unrelated 

Practice 

Passive 

100%  (3) 

50%  (2) 

50%  (2) 

33%  (1) 

50%  (2) 

50%  (2) 

33%  (1) 

33%  (1) 

All  types 

57%  (8/14) 

36%  (5/l4) 

7%  (l/l4) 

Others 

Related 

Unrelated 

Practice 

Passive 

100%  (1) 

50%  (1) 

50%  (1) 

50%  (1) 

50%  (1) 

All  types 

60%  (3/5) 

40%  (2/5) 

0  (0) 

Total s 

39%  (23/59) 

56%  (33/59) 

5%  (3/59) 

TABLE  IV 

SUMMARY  OF  EFFECTS  OF 
WARM-UP 

VARYING  INTENSITIES  AND  DURATIONS  OF 

ON  SPEED  AND  ENDURANCE 

Variable 

Improved 

Decreased  or  No  Effect 

Intensity: 

Duration: 

Severe 

Moderate 

<  5  minutes 

>  5  minutes  but 

<  10  minutes 

10  minutes 

26%  (4) 
29%  (5) 
21%  (3) 

21%  (3) 
64%  (9) 

64%  (7) 

71%  (12) 

79%  (11) 

79%  (11) 

36%  (5) 

Duration: 
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The  preceding  tables  make  it  apparent  that  the  question  of  the 
effects  of  warm-up  on  athletic  performance  cannot  be  resolved  from  the 
studies  done  to  this  date.  Another  factor  which  confounds  the  issue 
further  still  is  that  many  of  the  cited  studies  can  be  criticized  for 
lack  of  experimental  controls  and  faulty  statistical  procedures.  In 
cases  where  the  warm-up  was  a  practice  session  (1,10,32,55,61)  it  is 
difficult  to  ascertain  how  much  of  the  improvement  in  performance  was 
due  to  warm-up  as  such  and  how  much  was  due  to  learning  by  practice.  In 
other  studies  (12,45,60),  in  which  the  subjects  were  allowed  to  warm-up 
at  their  own  speed,  the  reliability  of  the  results  can  certainly  be 
questioned.  In  a  few  studies  (1,41)  there  were  no  statistics  applied 
at  all,  and  in  other  studies  (60,61),  the  author  analyzed  his  results 
by  using  twenty  or  thirty  repeated  "t"  tests  and  thereby  inflated  his 
reported  probability  level  to  a  very  marked  degree. 

Velocity  and  Accel eration 

One  of  the  first  published  studies  on  warm-up,  but  still  one  of 
the  most  often  cited  in  the  present  literature,  is  the  work  of  Asmussen 
and  B^je  on  the  effect  of  increased  body  temperature  on  work  capacity 
(l).  In  their  study,  four  subjects  warmed-up  by  pedalling  a  bicycle 
ergometer  for  thirty  minutes  at  a  work  load  of  660  mkg  per  minute,  and 
then  were  tested  on  the  time  taken  to  complete  35  pedal  revolutions  at 
maximum  speed.  The  results  showed  an  improvement  of  3.5  per  cent  to 
8.0  per  cent  in  the  subjects'  times  over  the  same  test  without  warming- 
up.  Warming-up  by  hot  showers  and  by  diathermic  heating  resulted  in 
average  increases  of  approximately  five  per  cent,  but  fifteen  minutes  of 
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massage  showed  no  significant  improvement.  Further  analysis  on  the  30- 
minute  cycling  warm-up  showed  that  a  five  minute  warm-up  caused  a  five 
per  cent  improvement  but  thirty  minutes  of  similar  preliminary  activity 
resulted  in  only  a  further  improvement  of  three  per  cent.  However,  this 
phase  of  the  experiment  was  conducted  on  two  subjects  only,  and  conse¬ 
quently  no  further  inferences  can  be  drawn  from  these  results.  The 
aspect  of  this  study  which  contributes  most  to  the  field  of  knowledges 
and  an  aspect  which  requires  much  further  investigation,  is  the  reported 
measurements  of  deep  muscle  temperature.  This  will  be  discussed  in 
detail  in  a  later  section. 

Karpovich  and  Hale  (32)  performed  a  similar  type  of  study  in  which 
three  subjects  warmed-up  for  five  minutes  cycling  at  sixty  revolutions 
per  minute  and  then  were  tested  on  the  same  performance  criterion  as 
used  by  Asmussen  and  Boje.  They  report  their  findings  as  statistically 
significant,  and  the  increase  in  speed,  approximately  4.5  per  cent,  was 
similar  to  that  found  by  Asmussen  and  B^je. 

In  neither  of  these  two  studies  was  any  mention  made  of  the  time 
lapse  between  warm-up  and  test  performance.  This  seems  to  be  a  serious 
omission,  especially  when  considering  Asmussen's  findings  which  showed 
the  increase  in  speed  was  approximately  proportional  to  the  increase 
in  muscle  temperature. 

Burke  (8)  conducted  a  fairly  extensive  study  on  the  effects  of 
various  intensities  and  durations  of  warm-up  on  speed  and  endurance. 

His  subjects  warmed-up  by  bench  stepping  at  various  cadences  for  varying 
time  intervals,  and  then  were  tested  on  the  Carlson  Fatigue  Curve  Test, 
the  highest  ten-second  score  being  taken  as  the  measure  of  speed. 
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Although  there  were  improvements  shown  in  speed  following  warm-up  they 
were  statistically  insignificant  and  were  not  nearly  of  the  magnitude 
of  the  improvements  shown  by  successive  trials  on  the  Carlson  Test. 

Burke  therefore  concluded  that  practice  effects  were  overwhelmingly 
more  prominent  than  warm-up  effects  in  regard  to  increased  speed. 

A  summary  of  the  five  studies  on  the  effects  of  warm-up  on  the 
speed  of  running  (8,10,29,54,57)  reveals  that  only  one  of  the  warm-up 
procedures  resulted  in  an  improvement  and  this  was  "warm-up"  by  passive 
cooling  (54).  The  fact  that  all  four  of  the  studies  in  which  swimming 
was  the  performance  criterion  (9,12,41,62)  showed  significant  increases 
in  speed  as  a  result  of  at  least  one  of  the  warm-ups  employed  seems 
significant,  but  this  investigator  can  offer  no  valid  explanation  for 
this  phenomenum. 

Muscul ar  Endurance 

Relatively  few  of  the  studies  conducted  on  the  effects  of  warm-up 
on  endurance  can  be  considered  as  investigations  in  muscular  endurance. 
Asmussen  (l)  used  a  bicycle  ride  simulating  a  1,500  meter  run,  Karpo¬ 
vich  (32)  and  Mathews  (36)  a  440  yard  run,  Thompson  (62)  a  five-minute 
swim,  and  Muido  (41)  a  400  yard  swim.  In  all  these  situations  it  is 
very  difficult  to  differentiate  between  cardio-respiratory  fatigue  and 
localized  muscular  fatigue  from  merely  studying  the  literature. 

The  experiments  conducted  by  Sedgwick  (52)  and  Sedgwick  and  Whalen 
(53)  are  studies  directly  concerned  with  the  effect  of  warm-up  on 
muscular  endurance.  Sedgwick  (52)  warmed-up  his  subjects  with  nine 
minutes  of  intermittent  finger  and  wrist  exercises,  and  then  tested  them 
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on  the  maximum  number  of  repetitions  they  could  perform  in  two  minutes 
on  a  one-handed  grip  ergometer.  Sedgwick  and  Whalen  (53),  working  with 
only  three  subjects,  heated  the  biceps  by  the  use  of  short  wave  radio- 
diathermy  and  then  tested  muscular  endurance  with  a  grip  hand  dynamo¬ 
meter.  In  neither  study  was  a  significant  increase  in  muscular  endurance 
reported. 

Burke  (8),  using  the  Carlson  Fatigue  Curve  Test  as  his  performance 
criterion,  reported  that  warm-up  had  no  effect  on  endurance. 

Although  the  literature  indicates  that  warm-up  will  not  produce 
any  beneficial  results  in  muscular  endurance  most  of  the  studies  can  be 
criticized  for  failure  to  control,  or  investigate,  the  time  lapse  factor 
adequately.  It  seems  possible  that  the  warm-up  process  itself  may  cause 
an  increase  in  blood  lactate,  or  some  similar  effect,  in  the  muscle 
which  may  be  detrimental  to  immediate  performance.  However,  if  an 
adequate  rest  period  is  alloted  these  effects  may  vanish  but  the  benefi¬ 
cial  effects  of  the  warm-up  may  persist  (as  shown  by  the  only  slight  drop 
in  muscle  temperature  ten  minutes  after  warm-up  (53).  This  hypothesis  is 
mere  speculation  but  it  should  have  been  investigated  in  these  studies. 

Intensity  of  Warm-Up 

The  physiological  demands  on  an  athlete  caused  by  warm-up  activi¬ 
ties  are  determined  by  two  factors,  namely,  the  intensity  and  the  dura¬ 
tion.  Some  athletes  seem  to  prefer  relatively  mild  preliminary  activi¬ 
ties  such  as  loose  jogging  and  stretching  exercises  which  they  perform 
for  one-half  hour  or  more,  whereas  others  prefer  the  short  explosive 
activity  of  "wind"  sprints  and  vigorous  calisthenics.  Still  others  seem 
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to  employ  a  combination  of  these  two  extremes.  G.  Dodds,  who  ran  the 
mile  in  4:05.3  in  1948,  warmed-up  with  slow  jogging  and  stretching 
exercises  for  one  hour  before  a  race  (39).  R.  Kaines,  a  4:10  miler  in 
1950,  warmed-up  for  an  hour  by  interspersing  jogging  and  walking  with 
50-yard  all  out  sprints  (39).  In  the  experimental  studies  on  warm-up  the 
intensities  vary  from  the  very  low  of  jogging  and  walking  for  five 
minutes  (54)  to  the  very  intense  such  as  an  all  out  50-yard  sprint  (29). 

In  most  studies  there  does  not  seem  to  be  any  valid  reason  for 
the  selection  of  the  particular  intensity  of  warm-up  other  than  that  of 
convenience,  consequently  it  is  not  known  whether  it  is  more  advanta¬ 
geous  to  perform  vigorously  for  a  short  duration  or  moderately  for  a 
longer  period  of  time.  Burke  (8)  investigated  this  by  using  three 
different  cadences  of  bench  stepping  for  three  different  durations  of 
time,  but  the  results  as  measured  by  the  Carlson  Fatigue  Curve  Test 
showed  no  significant  differences.  However,  Burke  did  not  vary  the 
time  lapse  between  warm-up  and  activity,  and  so  any  advantage  due  to  the 
severe  intensity  may  have  been  lost  due  to  insufficient  recovery  time, 
and  any  advantages  gained  due  to  the  low  intensity  may  have  been  lost 
as  a  result  of  too  long  a  rest  period. 

Table  IV  shows  that  warm-ups  of  severe  and  moderate  intensities 
seemed  to  result  in  approximately  the  same  percentage  of  improved  per¬ 
formances.  Because  of  the  different  durations  and  types  of  warm-up  to 
which  these  intensities  were  applied  the  slightly  greater  percentage  of 
beneficial  results  (36  per  cent  to  29  per  cent)  of  severe  intensity  over 
moderate  intensity  cannot  be  considered  significant. 
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Duration 

Asmussen  and  Bi)je  (l)  found  that  performance  in  speed  and  endur¬ 
ance  reached  a  maximum  following  ten  to  fifteen  minutes  of  warm-up  and 
that  a  further  fifteen  minutes  of  warm-up  resulted  in  very  little 
further  improvement.  Burke's  (9)  investigations  revealed  that  an  eight- 
minute  warm-up  at  a  severe  intensity  resulted  in  a  significant  improve¬ 
ment  in  strength,  but  not  in  speed  or  endurance,  over  two  and  five  minute 
warm-ups  at  a  similar  intensity.  All  other  investigators  failed  to 
examine  more  than  one  duration  of  warm-up — a  serious  oversight  in  the 
opinion  of  this  investigator. 

Table  IV  shows  that  of  the  twenty-eight  studies  in  which  the 
duration  of  the  warm-up  was  less  than  ten  minutes,  21  per  cent  resulted 
in  an  improvement  in  speed  or  endurance,  whereas  of  the  fourteen  studies 
involving  a  warm-up  of  duration  ten  minutes  or  more,  64  per  cent 
resulted  in  an  improvement  in  performance.  Although  these  two  groups  of 
studies  were  not  based  on  the  same  type  or  intensity  of  warm-up  the 
results  seem  to  suggest  that  a  warm-up  of  at  least  ten  minutes  is  more 
likely  to  be  beneficial  to  performance  than  one  of  lesser  duration.  It 
is  interesting  to  note  that  twenty-eight  of  the  forty-two  investigations 
on  the  effect  of  warm-up  on  speed  and  endurance  reported  in  the  literature 
involved  a  warm-up  period  of  less  than  ten  minutes.  Seeing  as  most 
athletes  warm-up  for  a  considerably  longer  time  than  this  (Miller  (39) 
reported  that  twenty-nine  out  of  thirty-three  track  and  field  athletes 
warmed-up  for  at  least  ten  minutes)  it  would  seem  necessary  for  an 
investigation  on  warm-up  to  include  at  least  one  duration  of  ten  minutes 


or  more. 
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Time  Lapse 

Warm-up,  if  it  is  to  be  of  benefit  to  subsequent  performance, 
must  precede  this  performance  by  a  period  of  time  which  allows  recovery 
from  any  fatigue  induced  by  the  warm-up  and  yet  is  not  of  such  duration 
as  to  allow  full  recovery  of  the  bodily  functions  to  their  initial  state 
of  rest.  It  would  seem  that  there  should  be  an  optimal  length  of  time 
to  allow  for  recovery  and  yet  retain  any  beneficial  effects  brought 
about  by  the  warm-up.  The  fact  that  most  investigators  in  the  area  of 
warm-up  have  failed  to  consider  time  lapse  as  an  important  factor  is 
revealed  in  Tables  I  and  II,  which  show  that  less  than  50  per  cent  of 
the  studies  even  mention  it,  and  none  have  reported  more  than  one  level 
of  time  lapse. 

DeVries  (12),  Skubic  (55),  Carlson  (10)  and  Swegan  (61)  had  their 
subjects  perform  the  performance  criterion  immediately  following  the 
warm-up.  This  procedure  seems  unrealistic  in  the  practical  situation 
where  athletes  must  always  wait  at  least  a  minute  or  two  after  warm-up 
before  the  contest  begins.  Of  the  eight  experimental  situations  reported 
in  which  the  activity  immediately  followed  warm-up,  only  the  eight 
minute  related  warm-up  by  DeVries  resulted  in  an  increase  in  performance. 
Miller  (39),  in  interviewing  over  thirty  top'  American  track  and  field 
athletes,  found  that  the  majority  of  them -advocated  a  five  to  ten  minute 
rest  (or  at  least  a  greatly  reduced  activity)  before  their  event,  but  he 
states  that  Costa  Holmer,  the  Swedish  Olympic  track  and  field  coach, 
advocates  no  rest  at  all  between  warm-up  and  performance  for  sprinters. 

Muido  (41)  warmed  his  subject's  for  eighteen  minutes  in  a  40°  -  43°  C 
hot  bath,  and  then  rested  them  until  their  pulse  returned  to  normal 
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(fifteen  to  twenty  minutes).  The  performance  test,  swimming  speed  and 
endurance  as  measured  by  a  50-yard  crawl  and  a  400-yard  crawl  respec¬ 
tively,  showed  an  improvement  of  two  to  four  per  cent  over  the  control 
group.  DeVries'  (12)  subjects  warmed-up  for  six  minutes  in  a  hot  shower 
and  then  were  tested  immediately  in  a  100-yard  sprint  swim,  but  their 
times  were  no  better  than  the  control  group.  One  cannot  compare  these 
two  studies  though  and  conclude  that  the  longer  rest  period  caused  the 
improvement  in  Muido's  studies  as  it  could  equally  well  have  been  due 
to  the  longer  duration  of  warm-up,  or  that  hot  baths  are  better  than 
hot  showers,  or  even  that  warm-up  improves  speed  over  50  yards  but  not 
over  100  yards. 

Psychological  Effects 

Starts'  statement  (58:284)  that,  "While  the  psychologic  and 
physiologic  effect  of  warm-up  on  the  level  of  performance  may  be  pro¬ 
found.  .  .  seems  to  be  an  indication  of  the  general  assumption  that 
warm-up  improves  performance  through  psychological  means.  Smith  and 
Bozymowski  (56)  determined  the  attitude  of  college  women  towards  warm¬ 
up  by  a  questionnaire,  and  then  tested  performance  with  and  without  warm¬ 
up  on  the  obstacle  race  from  Scott's  Motor  Ability  Test.  They  found 
thqt  the  subjects  with  a  more  favorable  attitude  towards  warm-up  per¬ 
formed  significantly  better  on  the  obstacle  race  when  it  was  preceded 
by  a  warm-up  than  when  no  warm-up  was  given,  whereas  subjects  with  a 
less  favorable  attitude  towards  warm-up  did  not  show  improvement  follow¬ 
ing  warm-up.  Rochelle  e_t  al..  (49)  tested  subjects  on  the  softball  throw 
for  distance  following  a  five  minute  warm-up  and  then  retested  them  the 
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following  day  without  warm-up,  but  offered  a  monetary  reward  if  they 
could  exceed  the  previous  day's  best  throw.  Despite  the  incentive 
given  on  the  no  warm-up  test  period,  the  softball  throws  following  warm¬ 
up  were  significantly  longer  than  those  without  warm-up.  The  value  of 
the  incentive  can  be  questioned  in  this  study  because  of  the  fairly  high 
degree  of  incentive  induced  by  competition  among  the  forty-six  subjects. 
It  is  unlikely  that  a  small  monetary  reward  to  university  freshmen 
would  be  much  more  of  an  inducement  to  maximum  performance  than  within- 
class  rivalry. 

Physiological  Effects 

Is  warm-up,  as  the  term  is  generally  used  in  physical  education, 
a  preliminary  activity  which  actually  causes  an  increase  in  the  tempera¬ 
ture  of  certain  body  tissues?  If  so,  then  what  tissues  are  warmed 
the  most  and  what  beneficial  effects  on  performance  result  from  the  in¬ 
creased  temperature  of  the  particular  body  parts?  These  questions  will 
not  be  investigated  in  the  study  but  they  are  questions  which  need 
answers  if  science  is  to  develop  a  full  understanding  of  warm-up  and 
its  effects  on  subsequent  performance.  It  is  generally  agreed  upon  by 
both  physiologists  and  physical  educators  that  warm-up  produces  physio¬ 
logical  changes  in  the  body  which  are  beneficial  to  athletic  performance. 
But  exactly  what  these  changes  are,  how  they  come  about,  and  to  what 
degree  each  of  them  benefit  performance  is  not  generally  agreed  upon. 

Burke  (8)  says  that  his  evidence  substantiates  the  theory  which 
states  that  warm-up  causes  an  increase  in  the  speed  of  anaerobic  energy- 
yielding  chemical  reactions  within  the  muscle  cells. 
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Miller  (39)  quotes  a  number  of  track  athletes  as  saying  warm-up 
is  a  "physiologic  necessity."  He  believes  that  warm-up,  as  well  as 
increasing  muscle  temperature,  increases  the  rate  of  circulation  and 
therefore  the  oxygen  supply  is  increased  and  the  rate  of  carbon  dioxide 
and  lactate  acid  removal  is  increased. 

Muido  (41)  believes  that  an  increase  in  blood  temperature  is  more 
important  than  an  increase  in  muscle  temperature  and  that  this  higher 
temperature  causes  an  increase  in  the  "velocity  of  reaction."  If  one 
considers  rectal  temperature  to  be  an  indication  of  blood  temperature 
then  Carlile  (9)  contradicts  Muido  when  he  states  that  performance  is 
not  closely  related  to  rectal  temperature. 

Thompson  (62)  feels  that  the  sole  purpose  of  warm-up  is  to 
increase  muscle  temperature,  in  fact  he  defines  informal  warm-up  as 
"general  free  movements  undertaken  solely  for  raising  the  temperature 
of  muscles . " 

DeVries  (12)  suggests  the  reasons  for  warm-up  to  be:  (l)  a 
shortening  of  the  length  of  the  muscle  relaxation  period,  (2)  an  improve¬ 
ment  in  muscle  tone,  and  (3)  benefit  of  the  treppe  effect. 

Asmussen  and  Boje  (l)  are  some  of  the  few  authors  who  are  able 
to  back  up  their  statements  on  the  physiological  effects  of  warm-up 
with  empirical  findings.  They  found  that  a  five  minute  warm-up  in¬ 
creased  muscle  temperature  approximately  1.5°C,  rectal  temperature  approx¬ 
imately  five  per  cent.  However,  a  further  twenty-five  minutes  of  warm¬ 
up  resulted  in  a  further  increase  in  muscle  temperature  of  less  than 
1.0°C,  of  rectal  temperature  of  0.-7°C,  and  of  performance  three  per  cent. 
From  this  they  concluded  that  an  increase  in  muscle  temperature  is  the 
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most  important  purpose  of  warm-up.  They  contend  that  a  temperature 
increase  is  the  most  beneficial  effect  and  that  circulatory  and  respira¬ 
tory  adjustment  may  be  left  out  of  consideration.  Asmussen  and  B^je 
suggest  that  the  increase  in  muscle  temperature  results  in  a  decrease 
in  viscosity  and  therefore  less  energy  is  used  in  overcoming  viscous 
resistance  in  swift  moving  muscles.  They  also  contend  that  it  may 
accelerate  the  chemical  processes  of  libertation  of  energy  into  the 
muscles . 

Sedgwick  (52)  believes  that  it  is  the  initial  muscle  temperature 
which  is  of  prime  importance,  and  that  optimal  muscle  temperature  is 
specific  to  particular  muscular  activities. 

Karpovich,  after  examining  the  empirical  evidence  on  the  effects 
of  warm-up  as  reported  up  to  1958,  came  to  the  following  conclusion 
(31:19) : 

It  is  hard  to  accept  facts  when  they  contradict  traditional 
beliefs,  but  one  cannot  escape  the  conclusion  that,  for  short 
distances,  warming-up  is  probably  nothing  more  than  a  ritual. 

Maybe  the  same  is  true  for  long  distances.  We  have  no  proof  that 
warm-up  is  beneficial  in  the  endurance-type  of  exercise. 

The  limiting  factor  in  the  speed  of  muscular  contraction  as 
suggested  in  many  of  the  current  articles  on  warm-up  and  exercise 
physiology  texts  is  muscular  viscosity  (1,2,8,35,40,56,59).  In  his 
early  writings  Hill  (26)  often  referred  to  the  viscosity  of  a  muscle 
and  in  1928  Fursuawa  and  Hill  stated  that  (18:41),  "The  'viscosity' 
of  the  muscles  is  the  chief  factor  regulating  the  speed  of  movement." 
Riedman  remarks  that  (48:51):  "During  the  warm-up  prior  to  strenuous 
activity,  the  slight  rise  in  the  temperature  of  active  muscles  may 
increase  the  effectiveness  of  contraction  by  decreasing  the  viscosity." 
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It  is  odd  that  authors  in  this  decade  are  attributing  an  increase 
in  velocity  of  contraction  to  a  decrease  in  muscle  viscosity  when  Fenn, 
et  al .  (16)  were  questioning  this  phenomenon  thirty-five  years  ago,  and 
in  1935  (17)  he  showed  empirically  that  the  speed  of  shortening  was 
limited  by  a  chemical  delay  rather  than  the  mechanical  delay  of  friction 
due  to  viscosity.  In  1950  Hill  gave  an  appropriate  epilogue  to  this 
theory  (27:418): 

The  viscous-elastic  theory  of  the  active  muscle  had  served  its 
purpose  for  a  long  time,  it  had  provoked  a  variety  of  new  and 
valuable  experiments,  but  now  it  must  be  allowed  to  die  an  honor¬ 
able  death. 

In  the  last  few  years  there  has  been  a  phenomenal  amount  of 
investigation  into  the  mechanics  and  processes  of  muscular  contraction, 
thereby  making  it  possible  to  examine  some  of  the  theories  of  warm-up 
in  the  light  of  recent  evidence. 

The  structure  of  a  striated  muscle  and  the  dynamics  of  its  con¬ 
traction  as  outlined  below  are  agreed  upon  by  most  physiologists  today. 

A  muscle  fibre  is  composed  of  A  and  I  bands — the  A  bands  containing  an 
ordered  array  of  filaments  containing  200-400  myosin  molecules  per  fibre 
with  each  filament  continuing  from  one  end  of  the  A-band  to  the  other. 
The  I-band  is  composed  of  thinner  filaments  containing  actin  which 
extend  on  either  side  of  the  Z-line  (the  mid-line  of  the  I-band), 
through  the  I-bands  and  interdigitate  with  the  myosin  fibrils,  termina¬ 
ting  at  the  edges  of  the  H-zone  in  the  center  of  the  A-band.  Numerous 
cross  bridges  extend  between  the  two  filaments  in  the  region  of  over¬ 
lap.  The  manner  in  which  the  nerve  impulse,  which  sets  up  a  depolariza¬ 
tion  wave  along  the  sarcolemma  of  the  muscle  fibre,  instigates  the 
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mechanical  process  of  contraction  is  not  known  and  there  are  a  number  of 
different  theories  (3,46,50),  The  actual  contraction  itself  is  achieved 
by  the  "crawling  action"  of  the  small  cross  bridges  of  the  actin 
fibrils  which  causes  the  actin  and  myosin  fibres  to  slide  together  and 
overlap  (23,40),  There  is  still  controversy  on  this  point  as  some 
physiologists  (19)  feel  that  contraction  is  brought  about  by  an  actual 
shortening  of  the  A  and  I  bands  themselves. 

The  problem  pertinent  to  this  particular  paper  is,  "What  causes 
this  contraction  process  to  speed  up  or  slow  down  with  a  change  in 
temperature?"  Hill  (28:165)  contends  that: 

The  intrinsic  speed  of  muscle  is  inherent  in  the  muscle  itself, 
it  depends  on  physical-chemical  factors  in  its  structure  and 
mechanism,  not  mainly  on  control  by  the  nervous  system — though 
that  also  is  adjusted  to  the  animal’s  requirements. 

With  this  in  mind  and  recalling  that  the  muscular  contraction 
necessary  to  move  a  limb  is  actually  a  great  number  of  contractions  one 
after  another  resulting  in  the  treppe  effect,  many  of  the  theories  as 
put  forth  by  investigators  on  the  reasons  for  warm-up  are  certainly  not 
justifiable.  The  presence  of  the  treppe  effect  makes  it  very  unlikely 
that  a  decrease  in  the  relaxation  time  would  increase  limb  speed.  The 
fact  that  the  latent  period  is  only  about  two  milliseconds  and  the 
diffusion  time  .5  milliseconds,  as  compared  to  the  contraction  time  of 
30  milliseconds,  indicates  that  a  reduction  in  the  duration  of  the 
latent  period  or  a  speeding  up  of  the  chemical  processes  initiating 
contraction  would  have  very  little  effect  on  the  speed  of  movement. 

The  only  way  by  which  increased  temperature  would  seem  to  improve 
the  speed  of  contraction  is  in  the  actual  contraction  process  itself. 
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Unfortunately  at  this  point  one  arrives  at  an  impasse  due  to  the  con¬ 
flicting  evidence  between  the  clinical  findings  on  an  isolated  muscle 
and  the  experimental  findings  on  the  exercising  subject.  Hill  (28) 
states  that  a  muscular  contraction  could  be  quickened  by  about  20  per 
cent  by  raising  its  temperature  2.0°C,  and  yet  Asmussen  (l),  who  raised 
the  muscle  temperature  in  an  exercising  subject,  almost  3.0°C,  found  a 
subsequent  performance  improvement  in  speed  of  movement  of  only  five 
per  cent.  Muido  (41)  found  no  improvement  in  performance  after  raising 
the  muscle  temperature  by  approximately  1.2°C.  The  reason  for  these 
discrepancies  probably  lies  in  the  fact  that  man's  body  is  designed  for 
optimal  efficiency  and  work  output,  and  the  contraction  speed  of  a 
muscle  for  the  optimal  condition  is  20-30  per  cent  of  its  intrinsic 
speed.  If  the  speed  is  too  high  then  the  auxiliary  tissues,  bones  and 
tendons  cannot  withstand  the  force  and  break  or  rupture.  It  therefore 
seems  that  there  are  some  other  factors  which  act  as  governors  to 
prevent  the  speed  of  muscular  contraction  from  exceeding  the  limits  of 
safety. 

In  summary,  the  literature  reveals  that  speed  of  contraction  is 
probably  restricted  only  by  the  load  imposed  upon  it  and  by  the  tempera¬ 
ture  of  the  muscle  itself.  However,  the  speed  of  limb  movement  does  not 
seem  to  correlate  very  highly  with  the  theoretical  speed  of  muscular 
contraction  and  therefore  the  athlete  must  not  only  increase  his  muscle 
temperature  but,  if  possible,  make  the  necessary  adjustments,  whatever 
they  may  be,  to  allow  for  maximum  limb  speed  while  staying  within  the 


levels  of  safety. 


CHAPTER  III 


METHODS  AND  PROCEDURES 


Subjects 

The  sample  used  in  this  study  consisted  of  sixty-six  Boy  Scouts 
from  the  Edmonton  Boy  Scout  Association.  The  subjects  were  volunteers, 
between  the  ages  of  twelve  and  fourteen  years  inclusive.  Volunteers 
with  obvious  physical  defects  and  those  with  experience  in  treadmill 
running  were  not  permitted  to  participate  in  the  study.  Three  subjects 
were  randomly  assigned  to  each  of  the  eighteen  treatment  conditions  and 
twelve  to  the  control  group  by  a  table  of  random  numbers  (15). 

Time  and  Duration  of  the  St udv 

All  testing  was  performed  from  4:00  P.M.  to  6:00  P.M.  and  7:00  P.M. 
to  9:00  P.M.  during  the  three-week  period  May  10th  to  June  4th  in  the 
Fitness  Research  Institute  at  the  University  of  Alberta,  Edmonton. 

Materials 

The  materials  and  equipment  used  in  this  study  were:  (l)  a 
Quinton  Motor-driven  treadmill;  (2)  a  Monark  bicycle  ergometer;  (3)  an 
Electronics  for  Medicine  Recorder;  and  (4)  an  electric  counter  and  (5)  a 
stop  watch. 

Experimental  Design 

A  3  x  3  x  2  factorial  experiment  with  a  randomized  groups  design 
was  used  with  three  observations  per  cell,  thus  requiring  a  total  of 
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fifty-four  subjects  for  the  eighteen  experimental  conditions.  A  single 
control  group  was  incorporated  containing  twelve  subjects.  This  type  of 
design  was  chosen  because  it  enables  one  to  examine  all  possible  inter¬ 
action  effects  and  to  investigate  the  effects  of  numerous  treatment 
conditions  while  maintaining  a  relatively  small  sample  size. 

The  treatment  conditions  were  various  types  of  warm-up  as  des¬ 
cribed  below,  and  the  dependent  variables  were  measures  of  acceleration, 
maximum  velocity,  and  muscular  endurance  as  previously  defined.  The 
warm-up  was  conducted  on  a  treadmill  so  it  would  be  related  to  the  per¬ 
formance  criterion  of  bicycle  pedalling  but  would  not  involve  the  prac¬ 
tice  effects  which  might  have  been  introduced  if  the  subjects  had 
warmed-up  on  the  bicycle.  The  warm-up  factors  and  levels  of  each  factor 


are  as  follows: 


I;  Intensity  of  Warm-up, 


I ^  -  Moderate.  Treadmill  walking  at  4 

mph  with  0  per  cent  grade, 


I2  -  Severe, 


Treadmill  running  at  6  mph 
with  0  per  cent  grade. 


D:  Duration  of  Warm-Up, 


T:  Time  Lapse. 


D ^  -  one  minute 
D2  -  six  minutes 
-  eleven  minutes 
T^  -  one  minute 
T2  -  six  minutes 
Tj  -  eleven  minutes 

Each  treatment  condition  had  three  subjects  randomly  assigned  to  it, 
and  each  subject  was  tested  only  once  and  under  only  one  warm-up  con¬ 
dition.  The  twelve  subjects  in  the  control  group  rested  in  a  sitting 
position  for  twelve  minutes  before  performing  the  bicycle  ride.  Figure 
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gives  a  schematic  diagram  of  the  experimental  design. 

Justification  of  Level s  of  Independent  Variables 

In  chapters  one  and  two  of  this  thesis,  reference  was  made  to  the 
wide  variation  of  warm-up  intensities  and  durations  used  in  previous 
studies.  The  levels  of  each  factor  in  this  study  were  chosen  in  an 
attempt  to  encompass  the  full  range  of  beneficial  levels  of  these  warm¬ 
up  procedures. 

The  moderate  level  of  treatment  factor  I  was  selected  as  tread¬ 
mill  walking  at  four  miles  per  hour  because  it  was  felt  that  this  was 
fairly  similar  to  the  various  procedures  used  by  other  experimenters 
which  were  classified  as  moderate  by  this  investigator.  The  severe 
level  of  treadmill  running  was  chosen  as  six  miles  per  hour  because 
preliminary  investigations  showed  that  this  was  the  fastest  speed  which 
could  be  maintained  by  12-14  year  old  boys  for  eleven  minutes  as 
required  in  level  D30 

The  durations  of  one,  six,  and  eleven  minutes  were  chosen  because 
it  was  believed  that  they  would  include  the  full  range  of  beneficial 
durations  at  the  intensities  used.  Table  IV  in  Chapter  II  of  this 
thesis  shows  that  the  optimal  time  allotment  for  improving  performance 
in  previous  studies  was  greater  than  or  equal  to  ten  minutes. 

The  similar  time  periods  of  one,  six,  and  eleven  minutes  used 
for  the  time  lapse  were  considered  representative  of  the  situation  in 
many  athletic  competitions.  Some  athletes  warm-up  vigorously  until 
right  before  their  event  while  others,  noticeably  football  and  basketball 
players,  warm-up  and  then  sit  on  the  bench  for  over  ten  minutes  before 
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getting  into  the  game.  The  reason  for  using  six  minutes  as  the  second 
level  of  factors  D  and  T  was  that  it  provided  an  ordered  sequence  of 
time  intervals  and  consequently  lended  the  data  available  for  trend 
analysis.  Twelve  minutes  was  chosen  as  the  length  of  rest  for  the 
control  group  in  order  for  these  subjects  to  have  more  rest  than  the 
minimum  exercise  condition  I^D-^T  . 

Obviously  the  ideal  situation  would  be  to  examine  the  effects 
of  intensity,  duration  and  time  lapse  for  fifteen  or  twenty  levels  of 
each  factor  but  this  is  not  practical  or  possible.  It  is  quite  possible 
that  a  duration  of  greater  than  eleven  minutes  would  produce  the  greatest 
improvements,  however,  this  was  investigated  by  examination  of  the 
results  and  the  presence  of  any  significant  linear  trends  in  the  main 
effects  showed  that  the  third  level  of  the  factor  may  have  been  a  con¬ 
servative  choice  and  that  a  longer  duration  might  give  more  beneficial 
results. 

Warm-Up  Procedures 

The  subjects  were  asked  to  wear  shorts,  a  T-shirt  and  running 
shoes  for  the  test.  The  subject  rested  in  a  sitting  position  for  five 
minutes  after  entering  the  laboratory,  during  which  time  the  experimen¬ 
tal  procedures  pertinent  to  the  treatment  condition  to  which  he  had  been 
assigned  were  explained  to  him.  If  the  subject  was  assigned  to  the 
control  condition  then  he  remained  sitting  for  the  required  twelve 
minute  period.  Subjects  assigned  to  levels  and  I2  were  given  brief 
instructions  on  the  most  efficient  manner  to  run  on  the  treadmill  before 
commencing  the  activity.  Subjects  undergoing  level  !]_,  with  the  treadmill 
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speed  set  at  four  miles  per  hour,  were  allowed  to  walk  or  jog — whichever 
they  felt  most  comfortable  doing. 

Subjects  warming-up  on  the  treadmill  set  at  six  miles  per  hour 
(level  1 2)  who  could  not  continue  at  this  speed  for  the  full  eleven 
minutes  were  urged  to  continue  running  at  a  reduced  speed.  It  is  the 
opinion  of  this  investigator  that  any  subject  who  was  too  fatigued  to 
complete  the  full  eleven  minutes  at  six  miles  per  hour  but  managed  to 
continue  running  for  the  required  time  had  reached  the  desired  level  of 
exhaustion  for  the  purposes  of  this  study.  If  a  subject  could  not 
continue  exercising  for  the  full  eleven  minutes,  or  could  not  keep  up 
the  six  mile  per  hour  pace  for  the  six  minutes  duration  of  level  Dp?  he 
was  dropped  from  the  study  and  replaced  by  another  subject. 

On  completion  of  the  warm-up  the  subjects  of  levels  Tg  and  Tg 
sat  down  to  rest  but  subjects  under  level  immediately  moved  to  the 
bicycle.  The  one-minute  of  sitting  on  the  bicycle  was  essential  in 
order  to  fit  the  toe  clips,  adjust  the  seat  height  so  the  leg  formed  an 

angle  of  115°  at  the  knee  when  the  pedals  were  in  a  vertical  position, 

and  give  the  subject  the  necessary  instructions. 

Test  Procedures 

The  work  load  on  the  Monark  bicycle  was  set  at  a  dial  reading  of 

"6",  which  is  a  work  load  of  770  kpm  per  minute  for  a  pedalling  rate  of 

50  rpm. ,  but  1,540  -  2,700  kpm  per  minute  for  the  twenty-five  second 
ride  at  the  speed  of  100  -  175  rpm.,  attained  by  the  subjects  in  this 
study.  Preliminary  investigations  revealed  that  lighter  work  loads 
caused  the  subject  to  encounter  difficulty  in  maintaining  contact  with 
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the  pedals,  and  a  greater  resistance  caused  difficulty  in  commencing 
pedalling.  The  bicycle  was  connected  to  the  electric  counter  which 
was  connected  to  the  Recorder.  The  paper  speed  was  50  mm.  per  second 
and  was  marked  by  the  Recorder  every  one-tenth  of  a  second,  as  was  the 
completion  of  every  pedal  revolution. 

On  completion  of  his  warm-up  and  one,  six,  or  eleven  minute 
rest,  the  subject,  while  sitting  on  the  bicycle,  was  given  explicit  in¬ 
structions  as  to  what  he  was  required  to  do  (see  Appendix  A).  He  was 
told  that  on  seeing  the  visual  starting  stimulus  he  was  to  pedal  as  fast 
as  he  could  until  told  by  the  investigator  to  stop.  The  starting 
stimulus  consisted  of  the  sudden  jump  of  a  moving  dot  of  light  on  the 
oscilloscope  of  the  Electronic  Recorder,  the  exact  time  of  the  stimulus 
being  registered  on  the  recording  paper.  The  commencement  stimulus  was 
given  at  the  exact  time  as  determined  by  the  particular  level  of  treat¬ 
ment  under  which  the  subject  was  being  tested.  The  recording  paper  was 
turned  on  a  few  seconds  before  the  starting  stimulus;  the  command, 
"Ready,"  given  and  then  the  starting  signal  given.  The  subject  then 
pedalled  as  fast  as  possible  for  the  required  length  of  time  while  main¬ 
taining  a  sitting  position  on  the  bike.  At  fifteen  seconds  the  command, 
"Keep  it  up,"  was  given  and  then  continuous  encouragement  was  given  from 
twenty  seconds  until  the  completion  of  the  test.  Although  the  actual 
time  of  the  test  ride  was  only  twenty-five  seconds,  the  subject  was 
not  told  to  stop  until  twenty-six  seconds  to  be  sure  that  he  performed 
at  his  maximum  for  the  full  twenty-five  seconds.  The  exact  twenty-five 
second  period  was  calculated  from  the  recording  paper. 

The  time  of  twenty-five  seconds  was  chosen  because  it  would 
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approximately  parallel  the  effort  required  for  a  220-yard  dash  and  give 
a  measure  of  muscular  endurance.  A  study  by  Dickenson  (13)  showed  that 
maximum  velocity  was  attained  in  approximately  four  seconds  and  began  to 
decrease  steadily  after  ten  seconds.  It  was  consequently  assumed  that 
the  twenty-five  second  ride  of  this  study  would  provide  an  adequate  time 
interval  in  which  to  record  acceleration,  velocity,  and  muscular 
endurance. 

Experimental  Control s 

1.  All  testing  was  conducted  in  the  late  afternoon  and  early 
evening  and  subjects  were  requested  not  to  participate  in  any  strenuous 
activity  prior  to  testing. 

2.  To  minimize  any  psychological  effects  the  subjects  were  not 
informed  of  the  nature  of  the  study  but  were  told  that  the  investigation 
was  to  determine  physiological  response  to  various  forms  of  exercise. 

3.  Each  subject  was  given  a  standardized  set  of  verbal  instruc¬ 
tions  (Appendix  A)  before  commencing  exercise  on  the  bicycle.  Verbal 
encouragement  was  given  fifteen  seconds  after  pedalling  began  and  con¬ 
tinuous  encouragement  was  given  for  the  last  five  seconds  of  cycling. 

Determination  of  Dependent  Variables 

The  number  of  pedal  revolutions  was  computed  from  the  recording 
paper  for  every  second  of  the  twenty-five  second  ride,  and  the  maximum 
number  of  revolutions  completed  during  any  one  full  second  interval  was 
taken  as  the  measure  of  maximum  velocity.  The  total  number  of  revolu¬ 
tions  completed  was  calculated  and  used  as  the  measure  of  muscular 
endurance,  and  the  time  required  to  pedal  four  revolutions  after  com¬ 
pletion  of  the  first  one  (thereby  eliminating  the  reaction  time  factor) 
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gave  a  score  for  the  variable  defined  as  acceleration. 

Validity  of  Dependent  Variabl es 

To  determine  whether  the  results  of  the  twenty-five  second  bicycle 
ride  would  detect  a  difference,  if  present,  in  the  velocity  of  muscular 
contraction,  four  Edmonton  Track  Club  sprinters  performed  the  test-  The 
results  confirmed  the  validity  of  the  test  as  the  sprinter  with  the  best 
time  over  100  yards  attained  the  fastest  acceleration  and  greatest 
maximum  velocity.  The  sprinter  with  the  slowest  recorded  time  over  100 
yards  had  the  slowest  acceleration  and  smallest  maximum  velocity. 

Statistical  Treatment 

The  scores  for  each  of  the  three  dependent  variables  were  analyzed 
using  an  analysis  of  covariance  for  non-repeated  measures  in  a  three- 
factor  experiment  (65:595).  Examination  of  the  raw  scores  showed  that 
each  of  the  three  dependent  variables  was  highly  correlated  with  weight 
and  therefore  the  analysis  of  covariance  was  applied  instead  of  the 
analysis  of  variance  as  originally  intended.  This  is  a  posteriori 
analysis  and  seemed  justifiable  due  to  the  covariate,  weight,  being 
completely  independent  of  the  treatments.. 

The  main  effects  and  interactions  were  computed  by  a  standard 
analysis  of  covariance  technique  (65:595).  The  analysis  of  covariance 
for  trends  was  applied  to  the  D  and  T  factors  and  their  interactions  by 
a  method  of  orthogonal  comparisons  as  suggested  by  O'Neil  (43:721).  The 
coefficients  used  are  given  in  Appendix  E. 

The  control  group  was  compared  to  the  experimental  group  by  a 
similar  method  of  comparisons  with  the  coefficient  "2"  given  to  the  sum 
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of  all  the  treatment  scores  and  "9"  the  coefficient  for  the  control 
group  sum  of  scores. 

The  criterion  means  for  the  experimental  group  were  adjusted  for 
the  linear  trend  on  weight  using  the  experimental  data  only.  The  over¬ 
all  experimental  and  control  means  were  adjusted  on  the  basis  of  the 
linear  regression  using  all  the  data  (65:592). 

Any  F  ratio  obtained  with  a  probability  of  occurrence  of  .05  or 
less  under  the  null  hypothesis  was  declared  statistically  significant. 
The  significant  main  effects  were  interpreted  in  the  light  of  the  appro¬ 
priate  significant  interactions  when  present. 


CHAPTER  IV 


RESULTS  AND  DISCUSSION 


Prel iminary  Discussion 

Due  to  the  difficulty  in  interpreting  some  of  the  results  of  this 
study  it  was  necessary  to  examine  the  design  of  this  experiment  for  any 
sources  of  bias. 

The  3x3x2  design  employed  enabled  the  investigation  of 
eighteen  different  treatment  conditions  plus  a  control  group  while  main¬ 
taining  the  relatively  small  sample  size  of  sixty-six  subjects.  The  use 
of  three  subjects  per  treatment  condition  was  used  as  it  was  originally 
calculated  that  this  many  subjects  would  yield  a  power  of  approximately 
95  per  cent  against  a  wrong  decision.  This  was  based  on  the  expected 
error  variance  for  velocity  of  0.17  revolutions  per  minute  as  given  by 
Asmussen  (l)  in  a  similar  study.  However,  in  this  study  the  variance 
was  0»53  revolutions  per  minute,  thus  causing  a  considerable  reduction 
in  power  in  detecting  a  difference  between  groups  with  the  probability 
of  a  Type  I  error  set  at  .05.  The  lack  of  significance  in  some  of  the 
trend  analyses  when  there  are  seemingly  meaningful  differences  could  be 
due  to  this  reduction  in  power. 

The  subjects  were  not  a  random  sample  of  Edmonton  boys  but  were 
a  select  group--namely,  volunteers  from  the  Boy  Scout  Association.  It 
is  assumed  that  these  boys  are  a  fairly  representative  sample  of  12  to 
14  year  old  boys  in  Edmonton. 

The  random  assignment  of  subjects  to  treatments  was  done  in  an 
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attempt  to  remove  any  bias  in  assigning  the  subjects'  to  groups  careful 
experimental  controls  such  as  a  consistent  set  of  verbal  instructions , 
isolation  of  the  subject  while  undergoing  the  bicycle  ride,  and  stan¬ 
dardization  of  procedures,  equipment,  and  examiners,  were  employed,  in 
an  attempt  to  equate  all  groups  with  respect  to  all  variables  except 
the  warm-up  procedures.  Analysis  of  the  personal  data  collected  on  the 
subjects  showed  that  the  groups  were  not  homogeneous  and  differed  con¬ 
siderably  with  respect  to  age  and  weight.  Because  age  and  weight  are 
fairly  accurate  measures  of  physical  maturity  in  this  age  group,  the 
between-group  variability  influenced  the  performance  scores  to  a  marked 
degree.  The  correlation  of  age  and  weight  with  velocity  was  .70  and 
.77  respectively.  The  correlation  between  weight  and  velocity  with  age 
par.tialled  out  was  .62,  but  the  correlation  between  age  and  velocity 
with  weight  partialled  out  was  only  .44.  This  suggests  that  the  rela¬ 
tively  high  degree  of  association  between  age  and  velocity  was  a  spurious 
one  based  to  a  large  degree  on  weight. 

The  problem  of  the  various  effects  of  age  and  weight  on  the  depen¬ 
dent  variables  could  have  been  avoided  by  careful  blocking  prior  to 
testing.  However,  this  was  not  done  and  as  post-hoc  blocking  is  a 
dubious  procedure  in  which  the  end  results  are  difficult  to  interpret  no 
form  of  blocking  was  applied.  An  analysis  of  variance  would  produce 
results  which,  due  to  the  large  weight  differences  between  treatment 
groups,  and  the  high  correlation  between  weight  and  velocity,  were  a 
product  of  weight  differences  rather  than  differences  due  to  treatment 
conditions.  Because  of  this  high  correlation,  and  the  fact  that  there 
was  only  one  subject  that  might  pqssibly  be  classified  as  obese,  the 
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weight  of  each  subject  was  considered  to  be  a  good  measure  of  his  phy¬ 
sical  maturity.  It  was  therefore  decided  that  an  analysis  of  covariance 
based  on  weight  as  the  sole  covariate  would  produce  the  most  accurate 
and  realistic  results. 

Some  confusion  arises  in  the  interpreting  of  the  results  of  this 
experiment  due  to  the  fact  that  the  experimental  group  was  heavier  than 
the  control  group  (106.7  pounds  to  101.8  pounds)  and  yet  younger  than  the 
control  group  (13.3  years  to  13.6  years).  The  analysis  of  covariance, 
based  on  the  linear  regression  of  velocity  with  weight,  adjusted  the 
means  for  the  differences  in  weight  but  this  adjustment  was  in  the  wrong 
direction  for  the  age  differences.  Due  to  the  fairly  low  (.44)  first 
order  correlation  of  age  with  velocity  with  weight  partialled  out,  and 
the  high  F  ratios  obtained  between  experimental  and  control  groups,  it 
is  doubtful  if  the  inclusion  of  age  as  a  multiple  covariate  with  weight 
would  cause  any  meaningful  changes  in  the  results. 

It  is  necessary  that  it  be  kept  in  mind  that  the  warm-up  used  in 
this  study  is  of  a  very  specific  nature  and  any  inferences  drawn  must 
not  go  beyond  the  limits  imposed  by  this  specificity.  Although  steady- 
pace  walking  and  running  on  the  treadmill  is  classified  as  a  related 
warm-up  in  this  experiment,  it  is  certainly  a  very  different  action  to 
cycling,  and  there  may  be  very  few  beneficial  carry-over  effects  from 
one  activity  to  the  other.  It  is  quite  possible  that  a  practice  warm¬ 
up  consisting  of  preliminary  cycling  would  yield  results  entirely 
different  from  those  of  a  related  or  unrelated  warm-up.  It  is  also 
possible  that  a  warm-up  should  be  of  the  same  intensity  as  well  as  of 
the  same  type  as  the  performance  activity.  There  are  numerous  other 
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types  of  warm-up,  such  as  practice,  massage,  and  calisthenics  which  may 
produce  results  which  do  not  agree  with  those  found  in  this  study.  It 
is  important  that  it  is  recognized  that  all  results,  conclusions,  and 
inferences  which  are  drawn  from  the  data  of  this  experiment  refer  to  the 
specific  type  of  warm-up  employed,  namely,  treadmill  walking  and  running, 
and  cannot  be  assumed  to  hold  true  for  other  types  of  warm-up.  This 
specificity  also  applies  to  the  test  performance  used,  namely  a  brief, 
high  energy  expenditure,  highly  anaerobic  activity,  and  inferences  must 
not  be  made  about  other  types  of  activity. 

ACCELERATI ON 


Results 

The  product-moment  correlation  between  weight  and  acceleration 
was  calculated  at  -.80.  The  results  yielded  by  the  analysis  of  co- 
variance  are  summarized  in  Table  V. 

The  individual  scores  for  each  treatment  condition  are  presented 
in  Appendix  C.  The  unadjusted  means  as  well  as  the  means  adjusted  for 
weight  are  presented  in  Appendix  D.  The  means  for  the  main  effects, 
adjusted  on  the  basis  of  the  regression  coefficient  between  weight  and 
the  acceleration  raw  scores,  are  presented  in  Table  VI. 

Discussion 

The  term  "acceleration"  as  used  in  this  study  does  not  mean  a 
change  in  velocity  per  unit  time  but  is  a  measure  of  the  time  taken  to 
complete  the  second,  third,  fourth  and  fifth  revolutions  at  the  beginning 
of  the  cycling.  The  scores  are  perhaps  more  a  measure  of  initial 
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TABLE  V 

SUMMARY  OF  ANALYSIS  OF  COVARIANCE  ON  ACCELERATION 


Source  of  Variation 

df 

MS 

F 

Control  vs.  Experimental 

1 

.9930 

10.103 

I  (intensity) 

1 

.4420 

4.50b 

D  (duration) 

2 

.0055 

— 

Linear 

1 

.0020 

— 

Quadratic 

1 

.0089 

— 

T  (time  lapse) 

2 

.1536 

1 . 56 

Linear 

1 

.0042 

— 

Quadratic 

1 

.3029 

3.08 

I  x  D 

2 

.0318 

— 

Linear 

1 

.0075 

— , 

Quadratic 

1 

.0560 

— 

I  x  T 

2 

.06  78 

— 

Linear 

1 

.1110 

1.13 

Quadratic 

1 

.024  7 

— 

D  x  T 

4 

.1010 

1.02 

Linear  (D)  x  Linear  (T) 

1 

.1418 

1.44 

Linear  (D)  x  Quadratic  (T) 

1 

.1876 

1.91 

Quadratic  (D)  x  Linear  (T) 

1 

.0023 

— 

Quadratic  (D)  x  Quadratic  (T) 

1 

.0833 

— 

I  x  D  x  T 

4 

.0411 

— . 

Linear  (D)  x  Linear  (T) 

1 

.0693 

— 

Linear  (D)  x  Quadratic  (T) 

1 

.0442 

— 

Quadratic  (D)  x  Linear  (T) 

1 

.0164 

— 

Quadratic  (D)  x  Quadratic  (T) 

1 

.0345 

Error 

46 

.0983 

Total 


64 
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TABLE  VI 

ADJUSTED  ACCELERATION  MEANS  FOR  MAIN  EFFECTS 


Independent  Variable 

Adjusted  Mean  (seconds)9 

Intensity: 

4  mph. 

2.89  7 

6  mph. 

2.  701 

Duration: 

1  min. 

2.812 

6  min. 

2.  788 

11  min. 

2.  797 

Time  Lapse: 

1  min. 

2.  764 

6  min. 

2.903 

11  min. 

2.  730 

Experimental 

2.816 

Control 

2.644 

The  time  taken  to  perform  four  full  pedal  revolutions  on  the 
bicycle  after  completion  of  the  first  revolution. 


velocity  than  acceleration  and  therefore  should  not  be  carelessly  com¬ 
pared  with  true  acceleration  scores  of  other  studies. 

The  greater  acceleration  achieved  by  the  group  warming-up  at 
six  miles  per  hour  than  those  warming-up  at  four  miles  per  hour  makes  the 
significantly  greater  acceleration  of  the  control  group  than  the  experi¬ 
mental  group  difficult  to  explain.  Considering  the  control  group  to  be 
similar  to  a  treatment  group  at  zero  minutes  duration  one  would  expect 
a  linear  or  quadratic  trend  over  the  four  levels  of  duration — 0,  1, 

6,  and  11  minutes.  This  is  not  the  case  however  as  there  is  virtually 
no  difference  in  the  three  levels  of  D.  Similarly,  the  superiority  of 
control  over  experimental  suggests  that  a  longer  rest  period  following 
warm-up  would  be  more  beneficial  than  one  of  shorter  duration.  This  is 
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definitely  not  the  case  as  shown  by  the  complete  absence  of  any  linear 
trend  in  T.  The  fact  that  I  resulted  in  a  significantly  faster  acce¬ 
leration  rate  than  1-^  confounds  the  issue  further  still.  If  warm-up  is 
detrimental  to  this  type  of  performance  then  it  would  seem  that  the 
longer  and  more  intense  the  warm-up  the  greater  should  be  the  detriment 

but  this  is  not  so.  as  shown  by  the  greater  acceleration  being  achieved 

/  « 

after  the  severe  warm-up  of  six  miles  per  hour. 

Considering  only  the  factor  intensity*  the  results  of  this  study 
support  previous  investigations  which  show  a  slightly  greater  (36  per 
cent  to  29  per  cent)  percentage  of  studies  in  which  performance  was 
improved  using  a  severe  warm-up  than  a  moderate  one.  Burke  (8)  is  the 
only  other  investigator  who  examined  more  than  one  level  of  intensity  and 
he  found  no  significant  differences  in  speed  and  endurance  between  three 
groups  warming-up  at  different  rates  of  bench  stepping. 

The  findings  of  this  study  confirm  Burke's  (8)  statement  that 
various  durations  of  warm-up  had  no  differing  effects.  This  could  be 
due  to  the  rapid  increase  in  muscle  temperature  in  the  first  minute  and 
then  relatively  little  (in  comparison  to  the  amount  of  fatigue) 
developed  in  the  next  ten  minutes.  Buchthal  et  al .  (7)  showed  that 
after  one  minute  of  exercise  the  muscle  temperature  rose  . 6°C  and  after 
a  subsequent  one  minute  of  rest  the  temperature  rose  to  1 . 2°C  above  its 
original  resting  state.  Three  minutes  of  exercise,  with  or  without  rest* 
caused  a  2°C  increase  and  ten  minutes  only  a  little  less  than  3°C. 

It  can  be  concluded  that  for  brief,  high  energy  expenditure 
activities,  preliminary  exercise  for  the  purpose  of  warming-up  is  of  no 
value  in  improving  acceleration.  In  fact  a  preliminary  rest  seems  to  be 
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superior  to  the  warm-up  of  moderate  intensity  of  a  four  miles  per  hour 
walko  The  fact  that  the  subjects  of  the  control  group  were  older  than 
the  subjects  in  the  experimental  groups  might  have  caused  the  difference 
between  the  adjusted  control  and  experimental  means  to  be  slightly  in¬ 
creased  but  under  no  circumstances  can  it  be  assumed  that  warm-up  is  of 
any  benefit  in  increasing  acceleration  in  this  particular  activity,. 

If  a  warm-up  is  performed  for  reasons  other  than  a  physiological 
change  causing  improvement  in  acceleration  (for  example,  psychological 
reasons,  reduction  in  the  possibility  of  injuries)  then  it  should  be  one 
of  severe  intensity.  This  is  necessary  in  order  to  cause  the  bodily 
functions  to  operate  at  a  higher  rate  than  normal  and  thus  bring  about 
the  physiological  changes  necessary  to  facilitate  performance.  The 
duration  of  this  warm-up  seems  to  be  irrelevant  but  as  durations  of 
greater  than  eleven  minutes  have  not  been  investigated  it  is  suggested 
that  a  warm-up  not  exceed  this.  Although  the  differences  in  accelera¬ 
tion  due  to  the  varying  item  intervals  of  rest  following  warm-up  were 
not  significant  they  did  indicate  that  a  rest  of  approximately  six 
minutes  is  less  favorable  than  one  or  eleven  minutes. 

It  is  the  unsubstantiated  conclusion  that  any  preliminary  activi¬ 
ty  produces  physical  and  mental  fatigue  to  some  degree.  As  well  as 
causing  the  observed  muscular  fatigue  the  warm-up  also  caused  an  easing 
of  the  apprehension  of  the  coming  activity.  The  experimental  subject 
felt  that  he  had  already  done  half  of  his  task  and  had  only  the  part 
involving  the  bicycle  ride  left  to  do.  The  control  subject  was  mentally 
ready  to  put  forth  his  best  in  this  one  and  only  activity.  This  is  an 
unrealistic  situation  and  quite  different  from  the  practical  condition 
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in  which  the  warm-up  is  only  a  regular  routine  before  the  "big  event." 

VELOCITY 


Results 

The  product-moment  correlation  between  weight  and  velocity  for 
the  sixty-six  subjects  tested  was  .77.  The  analysis  of  covariance  using 
weight  as  the  covariate  was  applied  to  the  mean  velocities  for  the 
independent  variables.  The  results  of  the  analysis  are  summarized  in 
Table  VII. 

The  individual  scores  for  each  treatment  condition  are  presented 
in  Appendix  D.  The  unadjusted  velocity  means  as  well  as  the  velocity 
means  adjusted  for  weight  are  presented  in  Appendix  C.  The  means, 
adjusted  on  the  basis  of  the  regression  coefficient  between  weight  and 
the  velocity  raw  scores,  are  presented  in  Table  VIII. 

Discussion 

The  average  effect  of  all  types  of  warm-up  compared  to  the  effect 
of  a  preliminary  rest  period  on  the  maximum  attainable  velocity  is 
similar  to  that  on  acceleration — that  is,  a  significant  superiority  of 
control  over  experimental.  As  with  acceleration,  the  only  other  signi¬ 
ficant  finding  was  that  a  six  miles  per  hour  warm-up  resulted  in  a 
greater  velocity  than  a  four  miles  per  hour  warm-up.  The  possible 
reasons  for  this  are  the  same  as  for  acceleration  and  as  they  were 
discussed  in  the  previous  section  of  this  chapter,  they  will  not  be 
repeated  here. 

The  effect  of  the  duration  of  warm-up  on  velocity,  although  not 
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TABLE  VII 

SUMMARY  OF  ANALYSIS  OF  COVARIANCE  ON  VELOCITY 


Source  of  Variation 

df 

MS 

F 

Control  vs.  Experimental 

1 

.5757 

10 . 94a 

I  (intensity) 

1 

o  4871 

9. 26b 

D  (duration) 

2 

.0947 

1.80 

Linear 

1 

.0213 

— 

Quadratic 

1 

.1682 

3.20 

T  (time  lapse) 

2 

.0659 

1.25 

Linear 

1 

.0023 

— . 

Quadratic 

1 

.1294 

2.46 

I  x  D 

2 

.1581 

3.01 

Linear 

1 

.1436 

2.  73 

Quadratic 

1 

.1726 

3oz8 

I  x  T 

2 

.0400 

— 

Linear 

1 

.0005 

— 

Quadratic 

1 

.0  795 

1.51 

D  x  T 

4 

.0680 

1.29 

Linear  (D)  x  Linear  (T) 

1 

.0962 

1.83 

Linear  (D)  x  Quadratic  (T) 

1 

.0239 

— 

Quadratic  (D)  x  Linear  (T) 

1 

.0345 

— 

Quadratic  (D)  x  Quadratic  (T) 

1 

.1174 

2.23 

I  x  D  x  T 

4 

.0214 

- - 

Linear  (D)  x  Linear  (T) 

1 

.0319 

— 

Linear  (D)  x  Quadratic  (T) 

1 

.0337 

— 

Quadratic  (D)  x  Linear  (T) 

1 

.0000 

— 

Quadratic  (D)  x  Quadratic  (T) 

1 

.0199 

— 

Error 

46 

.0526 

Total 

64 

3P  <.01. 
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TABLE  VIII 

ADJUSTED  VELOCITY  MEANS  FOR  MAIN  EFFECTS 


Independent 

Variables 

Adjusted  Mean  (rev. /sec. )a 

Intensity; 

4  mph. 

2.077 

6  mph. 

2.275 

Duration: 

1  min. 

2.111 

6  min. 

2.25  7 

11  min. 

2.160 

Time  Lapse 

:  1  min. 

2.219 

6  min. 

2.106 

11  min. 

2.203 

Experimental 

2.153 

Control 

2.284 

aMaximum  number  of  revolutions  completed  in  any  one  second 
interval  during  the  twenty-five  second  bicycle  ride. 


statistically  significant,  seems  meaningful  and  warrants  discussion. 

The  results,  as  depicted  in  Figure  2,  imply  that  a  warm-up  of 
only  one  minute  is  not  long  enough  to  produce  any  substantial  increase 
in  muscle  temperature  whereas  a  warm-up  of  duration  six  or  eleven  minutes 
will  increase  muscle  temperature  to  the  point  where  it  will  increase  the 
velocity  of  contraction.  It  was  previously  shown  that  a  warm-up  of  one 
minute  followed  by  a  one  minute  rest  produces  an  increase  in  muscle 
temperature  of  approximately  1°C,  a  six  minute  warm-up  might  increase 
the  temperature  2-2, 5°C,  and  an  eleven  minute  warm-up  nearly  3°C.  The 
results  graphed  in  Figure  2  suggest  that  the  one  degree  increase  caused 
by  one  minute  of  warm-up  is  not  nearly  as  beneficial  in  increasing  the 
velocity  of  contraction  as  is  the  further  one  degree  increase  caused  by 
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Figure  II. 


16  11 
Duration  of  Warm-Up  (Minutes) 

Graph  of  the  Mean  Velocity  for  Each  Duration  of 
Warm-Up. 


the  continued  five  minutes  of  warm-up.  The  slight  additional  increase 
in  muscle  temperature  resulting  from  the  eleven  minutes  warm-up  is  not 
nearly  sufficient  to  compensate  for  the  increased  fatigue  caused  by  this 
prolonged  activity. 

The  intensity  by  duration  interaction,  Figure  III,  although  also 
not  significant  (obtained  F  =  3.01,  critical  F  =  3.20),  suggests  further 
evidence  in  this  area. 

Figure  III  points  out  that  all  of  the  quadratic  trend  in  factor 
D  occurs  during  the  six  miles  per  hour  warm-up  of  ^  At  this  severe 
intensity  there  is  considerable  improvement  in  six  minutes  over  one 
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16  11 
Duration  of  Warm-up  (Minutes)  ■ 

Figure  III,  Velocity  Plotted  as  a  Function  of  Duration  for  the 
Four  Miles  Per  Hour  (lj_)  and  Six  Miles  Per  Hour 
(I2)  Intensity  Conditions. 

minute  and  then  as  fatigue  develops  performance  drops  off  at  eleven 
minutes.  The  moderate  warm-up  of  Ij_  is  not  affected  this  way  by  factor 
D  and  there  is  virutally  no  difference  between  the  three  different 
durations.  This  is  probably  due  to  the  very  little  fatigue  produced  and 
relatively  constant  muscle  temperature  at  the  mild  warm-up  of  walking  at 
four  miles  per  hour. 

If,  for  some  reason,  an  athlete  wishes  to  warm-up  at  a  modera- 
tely  low  level  of  intensity,  then  a  one  minute  warm-up  is  just  as  good 
as  ten  minutes  as  far  as  performance  of  this  nature  is  concerned.  If, 
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however,  he  is  warming-up  at  a  fairly  severe  intensity  then  he  must  be 
careful  to  perform  long  enough  to  increase  his  muscle  temperature 


sufficiently  but  not  of  such  duration 
of  performance  decrement.  The  result 
attain  maximum  velocity  the  optimal  1 
up  is  between  one  and  eleven  minutes, 
eleven  minutes  appears  to  be  much  too 
Although  an  optimal  warm-up  condition 
inferior  to  a  preliminary  rest  period 
velocity  on  a  bicycle  sprint. 


as  to  induce  fatigue  to  the  point 
of  this  study  suggest  that  to 
ngth  of  a  six  miles  per  hour  warm- 
A  warm-up  at  this  intensity  for 
severe  for  12  to  14  year  old  boys, 
is  suggested  it  is  still  decidedly 
for  the  attainment  of  maximum 


MUSCULAR  ENDURANCE 


Results 

The  product-moment  correlation  coefficient  between  weight  and 
muscular  endurance  for  the  sixty-six  subjects  of  this  study  was  .81. 

The  analysis  of  covariance  using  weight  as  the  covariate  was  applied 
yielding  the  results  summarized  in  Table  IX. 

The  means  were  adjusted  on  the  basis  of  the  regression  coeffi¬ 
cient  between  weight  and  the  muscular  endurance  raw  scores.  The 
unadjusted  means  and  the  adjusted  means  for  each  treatment  condition 
are  presented  in  Appendix  D,  and  the  adjusted  means  for  the  main  effects 
are  presented  in  Table  X. 


Discussion 

The  effect  of  warm-up 


on  muscular  endurance  as  measured  in  this 


study  is  similar  to  the  effect  on  acceleration  and  velocity;  that  is,  the 


. 
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TABLE  IX 

SUMMARY  OF  ANALYSIS  OF  COVARIANCE  ON  MUSCULAR  ENDURANCE 


Source  of  Variation 

df 

MS 

F 

Control  vs.  Experimental 

1 

394.19 

15 . 86a 

I  (intensity) 

1 

120.  73 

4.86b 

D  (duration) 

2 

28.89 

1.16 

Linear 

1 

9.87 

— 

Quadratic 

1 

47.90 

1.93 

T  (time  lapse) 

2 

16.22 

— 

Linear 

1 

9.27 

— 

Quadratic 

1 

23.17 

I  x  D 

2 

40.38 

1.62 

Linear 

1 

27.02 

1.09 

Quadratic 

1 

53.  74 

2. 16 

I  x  T 

2 

22.62 

— 

Linear 

1 

1.37 

— 

Quadratic 

1 

43.86 

1.  76 

D  x  T 

4 

41.46 

1.67 

Linear  (D)  x  Linear  (T) 

1 

68.53 

2.  76 

Linear  (D)  x  Quadratic  (T) 

1 

.  76 

— . 

Quadratic  (D)  x 

Linear  (T) 

1 

38.12 

1.53 

Quadratic  (D)  x 

Quadratic  (T) 

1 

58.41 

2.35 

I  x  D  x  T 

4 

4.05 

— 

Linear  (D)  x  Linear  (T) 

1 

8.48 

— 

Linear  (D)  x  Quadratic  (T) 

1 

1.92 

— 

Quadratic  (D)  x 

Linear  (T) 

1 

4.  74 

— 

Quadratic  (D)  x 

Quadratic  (T) 

1 

1.06 

Error 

46 

24.85 

Total 

64 

aP  <.01. 
bP  <.05. 
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TABLE  X 

ADJUSTED  MEANS  FOR  MUSCULAR  ENDURANCE  FOR  MAIN  EFFECTS 


Independent  Variable  Adjusted  Mean  (revs.)3 


Intensity: 

4  mph. 

42.83 

6  mph. 

45.94 

Duration: 

1 

min. 

43.17 

6 

min. 

45.  76 

11 

min. 

44.23 

Time  Lapse: 

1 

min. 

45.38 

6 

min. 

43.44 

11 

min. 

44.34 

Experimental 

43.95 

Control 

47.37 

aThe  total  number  of  pedal  revolutions  completed  in  the  twenty- 
five  second  ride. 

warm-up  produces  a  detrimental  effect  on  muscular  endurance  and  a  severe 
warm-up  is  superior  to  a  moderate  one. 

It  is  strange  that  the  intensity  by  duration  interaction  was  not 
significant  as  the  subjects  who  warmed  up  for  eleven  minutes  at  six  miles 
per  hour  showed  considerable  fatigue  at  the  completion  of  their  warm-up, 
whereas  the  subjects  warming  up  for  eleven  minutes  at  four  miles  per 
hour  showed  very  few  outward  signs  of  fatigue.  The  trend,  although  not 
significant,  was  in  the  opposite  direction  expected.  The  nine  subjects 
under  condition  1^3  averaged  42.52  revolutions  compared  to  the  46.01 
revolutions  averaged  by  the  subjects  performing  warm-up  condition  IgDg- 
This  would  seem  to  suggest  that  the  more  taxing  warm-up  produced  some 
change  beneficial  to  muscular  endurance.  However,  the  46.01  average  of 
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the  I2D3  group  was  still  below  the  control  group  mean  of  47,37  revolu¬ 
tions,  thus  suggesting  any  beneficial  change  was  not  great  enough  to 
compensate  for  the  decrease  in  performance  due  to  fatigue  or  any  other 
detrimental  factor. 

If  an  athlete  warms-up  before  a  sudden  "all-out"  type  of  activity 
such  as  a  220-yard  dash  it  is  necessary  to  perform  this  warm-up  at  a 
fairly  high  intensity  in  order  to  maintain  a  high  rate  of  speed  for  the 
full  time  period.  The  duration  of  the  warm-up  and  the  length  of  the 
rest  period  following  warm-up  seem  to  have  very  little  effect  on 
muscular  endurance  although  a  warm-up  of  only  one  minute  is  perhaps  too 
brief . 

General  Discussion 

Although  many  theories  on  the  physiological  effects  of  warm-up 
exist  the  one  which  seemed  most  appropriate  in  this  case  was  that  of 
increased  muscle  temperature.  It  is  generally  accepted  that  exercise 
will  cause  an  increase  in  muscle  temperature  and  all  studies  which  have 
measured  deep  muscle  temperature  (1,41,52,53)  verify  this  theory. 

Studies  by  Hill  (28)  show  that  this  increase  in  muscle  temperature  will 
cause  a  subsequent  increase  in  the  velocity  of  muscular  contraction. 

Other  theories  do  not  seem  applicable  for  the  type  of  performance 
activity  employed  in  this  experiment.  The  improvement  in  neuro-muscul ar 
facilitation  would  seem  to  apply  to  a  practice  warm-up  only,  and  the 
theory  involving  a  beneficial  adjustment  in  cardio-respiratory  func¬ 
tioning  may  apply  to  a  prolonged  activity  but  probably  not  to  the  brief, 
anaerobic  activity  utilized  in  this  study.  It  has  therefore  been  accepted 


. 
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that  the  main  benefits  which  might  be  derived  from  a  warm-up  preceeding 
a  brief,  high  speed  activity  are  due  to  an  increase  in  muscle  tempera¬ 
ture  o 

This  investigation  has  shown  that  a  warm-up  of  the  nature  of 
the  one  employed  here  does  not  result  in  an  improvement  in  acceleration, 
velocity,  or  muscular  endurance  as  measured  by  the  particular  perfor¬ 
mance  criterion  of  this  study.,  The  results  also  imply  that  for  the 
specific  type  of  warm-up  used  the  only  variable  which  affects  high 
speed,  anaerobic  performance  is  the  intensity  at  which  the  warm-up  is 
conducted.,  The  results  of  this  study  suggest  that  the  duration  of  the 
warm-up  is  of  importance  only  at  severe  intensities  and  the  difference 
between  one  and  ten  minutes  of  rest  following  warm-up  is  negligible., 

There  are  a  number  of  possible  reasons  why  the  control  group 
scores  were  superior  to  those  of  the  experimental  group  on  all  three 
dependent  variables.,  It  could  be  that  although  warm-up  produces  a 
beneficial  increase  in  muscle  temperature  it  also  causes  other  physio¬ 
logical  changes  (such  as  fatigue)  which  are  detrimental  to  performance. 
It  is  possible  that  the  motivational  effect  mentioned  in  the  discussion 
on  acceleration  caused  the  control  group’s  superior  performance.  There 
is  a  slight  chance  that  the  control  group  were  fundamentally  a  superior 
group  with  respect  to  the  performance  criterion  and  performed  better 
in  spite  of  the  lack  of  warm-up  and  not  because  of  the  absence  of  any 
warm-up  effects.  However,  as  the  probability  of  drawing  such  a  sample 
for  the  control  group  is  less  than  one  in  a  hundred  this  investigator  is 
inclined  to  adopt  the  former  two  reasons  for  the  superiority  of  control 
over  experimental. 
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The  significant  difference  for  all  three  performance  measures 
(acceleration,  velocity  and  muscular  endurance)  between  four  miles  per 
hour  and  six  miles  per  hour  must  be  due  to  the  greater  increase  in 
muscle  temperature  produced  by  the  more  intense  warm-up  of  six  miles 
per  hour.  The  intensity  I,  is  only  a  brisk  walk  and  probably  did  not 
produce  any  major  changes  in  physiological  functioning  of  the  body. 
However,  the  six  miles  per  hour  warm-up  was  an  activity  of  fairly  severe 
intensity  for  12  to  14  year  old  boys  and  probably  elicited  considerable 
physiological  changes.  The  muscle  temperature  increase  over  that  caused 
by  a  warm-up  of  four  miles  per  hour  was  sufficiently  large  to  produce 
an  increase  in  the  velocity  of  contraction,  thereby  causing  the  better 
scores  in  acceleration  and  velocity,  and,  to  some  extent,  the  improve¬ 
ment  in  muscular  endurance. 

Because  the  effects  of  different  durations  were  averaged  over 
both  intensities  they  did  not  produce  any  statistically  significant 
differences.  The  four  mile  per  hour  warm-up  did  not  cause  a  sufficient 
change  in  muscle  temperature  regardless  of  the  duration.  Those  subjects 
warming-up  at  six  miles  per  hour  for  six  minutes  attained  considerably 
higher  scores  than  those  warming-up  for  one  or  eleven  minutes.  This 
quadratic  trend  in  duration  for  the  six  miles  per  hour  warm-up  was 
probably  due  to  the  greater  increase  in  muscle  temperature,  and  conse¬ 
quent  greater  velocity  of  muscular  contraction,  attained  by  the  six 
minutes  of  exercise  than  that  attained  by  the  one  minute  warm-up.  The 
fatigue  caused  by  eleven  minutes  of  warm-up  at  the  severe  intensity  was 
of  sufficient  magnitude  to  overshadow  any  benefits  gained  by  a  further 
increase  in  muscle  temperature. 


'  .  • 

oig1  I 


58 


Because  the  main  beneficial  effect  of  warm-up  on  this  type  of 
performance  activity  is  an  increase  in  muscle  temperature,  the  differ¬ 
ence  between  one  and  eleven  minutes  of  rest  following  warm-up  was 
negligible.  It  has  been  shown  (53)  that  the  temperature  of  a  muscle 
decreases  very  slowly  on  cessation  of  exercise.  If  the  muscle  tempera¬ 
ture  is  increased  by  5°C  then  fifteen  minutes  after  the  warm-up  is 
completed  the  temperature  will  still  be  approximately  4°C  higher  than  it 
was  originally.  It  is  therefore  probable  that  the  rest  period  following 
warm-up  would  have  to  be  at  least  twenty  minutes  to  half  an  hour  in  order 
to  cause  a  sufficient  decrease  in  muscle  temperature  to  result  in  a  change 
in  performance. 


•  $ 

' 


CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 

The  purpose  of  this  study  was  to  investigate  the  effects  of 
various  warm-up  procedures  on  acceleration,  velocity,  and  muscular 
endurance  as  measured  by  a  twenty-five  second  ride  on  a  bicycle  ergo- 
meter.  The  experimental  design  was  a  3  x  3  x  2  factorial  experiment 
with  three  subjects  randomly  assigned  to  each  treatment  condition  and  a 
single  control  group  consisting  of  twelve  subjects.  The  sixty-six 
subjects  used  were  volunteers  from  the  Edmonton  Boy  Scout  Association 
ranging  in  age  from  twelve  to  fourteen  years.  The  independent  variables 
employed  were;  intensity  of  warm-up  (four  and  six  miles  per  hour), 
duration  of  warm-up  (one,  six,  and  eleven  minutes),  and  length  of 
rest  following  warm-up  (one,  six,  and  eleven  minutes).  Each  subject 
performed  one  warm-up  condition  and  then  pedalled  a  bicycle  ergometer 
as  fast  as  he  could  for  twenty-five  seconds.  The  number  of  revolutions 
pedalled  per  second  was  electrically  recorded  and  measurements  of 
acceleration,  velocity,  and  muscular  endurance  calculated  from  this 
recording „ 

The  conclusions  were  as  follows; 

1.  For  a  brief,  high-energy  expenditure  type  of  activity  such  as 
the  one  employed  in  this  investigation,  a  warm-up  consisting  of  steady 
pace  running  is  of  no  benefit  to  acceleration,  velocity,  and  muscular 
endurance. 

2.  A  warm-up  at  a  fairly  severe  intensity  of  six  miles  per  hour 
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produces  greater  acceleration,  velocity,  and  muscular  endurance  than 
one  at  a  moderate  intensity  of  four  miles  per  hour. 

3.  The  duration  of  warm-up  is  probably  important  only  at  the 
severe  intensity  level  and  it  affects  only  the  maximum  velocity  attain¬ 
able. 

4.  The  length  of  the  rest  period  between  the  warm-up  and  the 
performance  test  has  little  effect  on  acceleration,  velocity,  or 
muscular  endurance. 

Recommendations 

The  methods  employed  in  this  study  involved  a  specific  type  of 
warm-up,  a  specific  aspect  of  performance  and  a  specific  age  group  of 
subjects.  Due  to  this  specificity  the  results  of  this  thesis  must  not 
be  used  to  draw  inferences  concerning  other  warm-ups  and  other  types  of 
performance.  The  following  areas  of  investigation  are  therefore 
recommended  for  further  study. 

1.  A  similar  study  should  be  conducted  on  subjects  older  than  the 
twelve  to  fourteen  year  olds  participating  in  this  investigation.  The 
intensity  and  duration  of  the  warm-up  should  be  adjusted  for  more 
physically  mature  groups. 

2.  The  results  of  this  study  showed  that  a  warm-up  at  an  inten¬ 
sity  of  six  miles  per  hour  was  superior  to  one  conducted  at  four  miles 
per  hour.  It  is  recommended  that  a  warm-up  of  greater  intensity,  perhaps 
eight  miles  per  hour,  be  employed  to  see  if  there  is  an  improvement 

over  six  miles  per  hour.  Warm-ups  of  increasing  intensity  should 
subsequently  be  investigated  until  such  time  as  an  increase  in  speed  does 
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not  result  in  improved  performance  and  the  optimal  intensity  is  ascer¬ 
tained. 

4.  The  effects  that  the  warm-up  procedures  used  in  this  study 
have  on  other  components  of  performance  such  as  strength,  coordination, 
and  cardio-respiratory  endurance  during  prolonged  activity,  needs 
investigation.  The  effects  of  warm-up  on  post  activity  stiffness,  or 
"tightening  up,"  and  the  time  required  for  the  body  to  return  to  the 
physiological  resting  state  should  also  be  examined. 

5.  The  effect  that  other  types  of  warm-up  such  as  a  practice 
warm-up  or  an  unrelated  warm-up  have  on  all  aspects  of  performance  must 
be  investigated. 


. 


REFERENCES 


REFERENCES 


1.  Asmussen,  E. ,  0.  B<f>je.  "Body  Temperature  and  Capacity  for  Work," 

Acta  Phvsiologica  Scandinavica ,  X  (1945),  1-22. 

2.  Bainbridge,  F.  A.  The  Physiology  of  Muscular  Exercise.  London: 

Longmans,  Green  and  Company,  1931.  P.  22. 

3.  Bannister,  R.  G.  "Muscular  Effort,"  Br it i sh  Medical  Bulletin,  XII 

(1956),  222-25. 

4.  Barch,  A.  M.  "Warm-Up  in  Massed  and  Distributed  Pursuit  Rotor 

Performance,"  Journal  of  Experimental  Psychology,  XLVII  (1954), 
357-61. 

5.  Bowen,  W.  P.  Applied  Anatomy  and  Kinesiol oqv.  Philadelphia:  Lea 

and  Febiger,  1957. 

6.  Box,  G.  E.  P.  "Some  Theorems  on  Quadratic  Forms  Applied  in  the 

Study  of  Analysis  of  Variance  Problems:  I.  Effect  of  Inequality 
of  Variance  in  the  One-Way  Classification,"  Annals  of  Mathematical 
Statistics,  XXV  (1954),  290-302. 

7.  Buchthal,  F. ,  P.  H^ncke,  and  J.  Lindhard.  "Temperature  Measurements 

in  Human  Muscles  in  Situ  at  Rest  and  During  Muscular  Work,"  Acta 
Physiol oqica  Scandinavica ,  VII  (1944),  230-58. 

8.  Burke,  R.  K.  "Relationships  Between  Physical  Performance  and  Warm- 

Up  Procedures  of  Varying  Intensity  and  Duration."  Unpublished 
Doctoral  dissertation,  University  of  Southern  California,  Los 
Angeles,  1957. 

9.  Carlile,  F.  "Effect  of  Preliminary  Passive  Warming  on  Swimming 

Performance,"  Research  Quarterly,  XXVII  (1956),  143-151. 

10.  Carlson,  H.  C.  "Fatigue  Curve  Test,"  Research  Quarterly,  XVI 

(1945),  169-175. 

11.  Dayton,  0.  W.  Athletic  Training  and  Conditioning.  New  York: 

Ronald  Press  Company,  I960,  p.  96. 

12.  DeVries,  H.  A.  "Effects  of  Various  Warm-Up  Procedures  on  100-Yard 
Times  of  Competitive  Swimmers,"  Research  Quarterly,  XXX  (1959), 
11-20. 

Dickenson,  S.  "The  Dynamics  of  Bicycle  Pedalling,"  Proceedings  of 
the  Royal  Society,  B,  CIII  (1928),  225-33. 


13. 


.ygoTodoyaq  jr  ^  'r'seqx  l 

. . 

i 


14. 


Evans,  C.  L.  Principles  of  Human  Physiol oqy.  London:  J.  A. 

Churchill  Li’d.  ,  1956. 

15.  Edwards,  A.  L.  Experimental  Design  in  Psychological  Research. 

New  York:  Holt,  Rinehart  and  Winston,  1964. 

16.  Fenn,  W.  0.,  H.  Brady,  and  A.  Petrelli.  "The  Tension  Developed  by 

Human  Muscles  at  Different  Velocities  of  Shortening,"  American 
Journal  of  Physiology,  XCVII  (1931),  1-14. 

17.  _ ,  and  B.  S  Marsh.  "Muscular  Force  at  Different  Speeds  of 

Shortening,"  Journal  of  Physiology,  LXXXV  (1935),  277-97. 

18.  Fursuawa,  K. ,  A.  V.  Hill,  and  J.  L.  Parkinson.  "The  Dynamics  of 

'Sprint'  Running,"  Proceedings  of  the  Royal  Society,  B,  CII  (1928), 
29-43. 

19.  Galey,  F.  R.  "Local  Contraction  Patters  of  Striated  Muscle,"  Journal 

of  Ultra  structure  Research,  XI  (1964),  389-400. 

20.  Gillett,  R.  L.  "Correspondence,"  American  Medical  Association 

Journal,  CLXII  (1957),  68. 

21.  Grose,  J.  E.  "Depression  of  Muscle  Fatigue  Curves  by  Heat  and 

Cold,"  Research  Quarterly,  XXIX  (1958),  19-31. 

22.  Guyton,  A.  C.  Function  of  the  Human  Body.  Philadelphia:  W.  B. 

Saunders  Co. ,  1964. 

23.  Hanson,  J. ,  and  J.  Lowy.  "Molecular  Basis  of  Contractility  in 

Muscle,"  British  Medical  Bulletin,  XXI  (1965),  264-71. 

24.  Hays,  W.  L.  Statistics  for  Psychologist  s.  New  York:  Holt,  Rinehart 

and  Winston,  1965,  pp.  293-96. 

25.  Henry,  F.  M.  and  I.  R.  Trafton.  "The  Velocity  Curve  of  Sprint 

Running,"  Research  Quarterly,  XXII  (1951),  409-22. 

26.  Hill,  A.  V.  "The  Maximum  Work  and  Mechanical  Efficiency  of  Human 

Muscles,  and  Their  Most  Economical  Speed,"  Journal  of  Physiol ogy , 
LVI  (1922),  19-41. 

27.  _ .  "Mechanics  of  the  Contractile  Element  of  Muscle,"  Nature, 

CLXVI  (1950),  415-19. 

28.  _ .  "The  Design  of  Muscles,"  British  Medical  Bulletin,  XII 

(1956),  165-66. 

Hippie,  J.  E.  "Warm-Up  and  Fatigue  in  Junior  High  School  Sprints, 
Research  Quarterl y ,  XXVI  (1955),  246-47. 


29. 


!» 


,  I  t  {  Jl 


30.  Huxley,  H.  E.  "Structural  Arrangements  and  the  Contraction 

Mechanism  in  Striated  Muscle,"  Proceedings  of  the  Royal  Society, 
B,  CLX  (1964),  442-48. 

31.  Karpovich,  P.  V.  Physiology  of  Muscular  Activity.  Philadelphia: 

W.  B.  Saunders  Company,  1959. 

32.  _ ,  and  C.  J.  Hale,  "Effect  of  Warm-Up  Upon  Physical  Perfor¬ 

mance,"  American  Medical  Association  Journal ,  CLXII  (1956), 
1117-19. 

33.  Lotter,  W.  S.  "Effects  of  Fatigue  and  Warm-Up  on  Speed  of  Arm 

Movement,"  Research  Quarterly.  XXX  (1959),  57-65. 

34o  Lupton,  H.  "An  Analysis  of  the  Effects  of  Speed  on  the  Mechanical 
Efficiency  of  Human  Muscular  Movement,"  Journal  of  Physiology, 
LVI I  (1923),  337-53. 

35.  Mathews,  D.  K. ,  R.  W.  Stacy,  and  G.  N.  Hoover.  Physiol ogy  of 

Muscular  Activity  and  Exercise.  New  York:  Ronald  Press  Co., 
1964,  p.  70. 

36.  _ ,  and  H.  A.  Synder.  "Effect  of  Warm-Up  on  the  440-Yard 

Dash,"  Research  Quarterly.  XXX  (1959),  446-51. 

37.  Merlino,  H.  L.  "Influence  of  Massage  on  Jumping  Performance," 

Research  Quarterly,  XXX  (1959),  66-74. 

38.  Michael,  E. ,  V.  Skubic,  and  R.  Rochelle.  "Effect  of  Warm-Up  on 

Softball  Throw  for  Distance,"  Research  Quarterly,  XXVIII  (1957), 
35  7-63. 

39.  Miller,  R.  I.  "The  Science  and  Practice  of  Warming-Up,"  Athletic 

Journal ,  XXXI  (1951),  p.  28. 

40.  Morehouse,  L.  E.  and  A.  T.  Miller.  Physiol ogy  of  Exercise.  Saint 

Louis:  C.  V.  Mosby  Company,  1963. 

41.  Muido,  L.  "The  Influence  of  Body  Temperature  on  Performances  in 

Swimming,"  Acta  Phvsiologica  Scandinavica ,  XII  (1946),  102-09. 

42.  O'Connor,  W.  H.  "Warm-Up  as  an  Aid  to  Track  Performance," 

Scholastic  Coach,  XXV  (1955),  48. 

43.  O'Neil,  J.  B.  "The  Analysis  of  Covariance  by  the  Method  of 

Individual  Comparisons,"  Scientific  Agriculture,  XXII  (1942), 
721-24. 

44.  Pacheco,  B.  A.  "Improvement  in  Jumping  Performance  Due  to  Pre¬ 

liminary  Exercise,"  Research  Quarterly,  XXVIII  (1957),  55-63. 


, 

...  V 

*  '  •  L  .  .  ..  J.  .  :  .  .  ;  ; 


.  ,  I 


■ 


i,  XXX 


..  r-,  31  .  ; 


.  ■  ■  -i  .  b  • . 


. 

■ 


. 


. 


45. 


.  "Effectiveness  of  Warm-Up  Exercise  in  Junior  High  School 
Girls,"  Research  Quarterly,  XXX  (1959),  202-13. 

46.  Paul,  W. ,  E.  Daniel,  C.  Kay,  and  G.  Monckton.  Muscle.  Glasgow: 

Pergamon  Press,  1965. 

47.  Phillips,  W.  H.  "Influence  of  Fatiguing  Warm-Up  Exercises  on 

Speed  of  Movement  and  Reaction  Latency,"  Research  Quarterly, 

XXXIV  (1963),  370-78. 

48.  Riedman,  S.  R.  The  Physiology  of  Work  and  Play.  New  York:  Holt, 

Rinehart  and  Winston,  1950. 

49.  Rochelle,  R.  H. ,  V.  Skubic,  and  E.  D.  Michael.  "Performance  as 

Affected  by  Incentive  and  Preliminary  Warm-Up,"  Research 
Quarterly,  XXXI  (i960),  499-504. 

50.  Sandow,  A.  "Excitation-Contraction  Coupling  in  Skeletal  Muscle," 

Pharmacological  Reviews ,  XVII  (1965),  265-320. 

51.  Seaton,  D.  C.  Safety  in  Sports.  New  York:  Prentice-Hall,  1948,  p. 

137. 

52.  Sedgwick,  A.  W.  "Effect  of  Actively  Increased  Muscle  Temperature 

on  Local  Muscular  Endurance,"  Research  Quarterl v ,  XXXV  (1964), 
532-45. 

53.  _ ,  and  H.  L.  Whalen.  "Effect  of  Passive  Warm-Up  on  Muscular 

Strength  and  Endurance,"  Research  Quarterly,  XXXV  (1964),  45-59. 

54.  Sills,  F.  D. ,  and  V.  E.  O'Riley.  "Comparative  Effects  of  Rest, 

Exercise  and  Cold  Spray  Upon  Performance  in  Spot-Running," 
Research  Quarterl v ,  XXVII  (1956),  217-19. 

55.  Skubic,  V.  and  J.  Hodgkins.  "Effect  of  Warm-Up  Activities  on 

Speed,  Strength,  and  Accuracy,"  Research  Quarterly,  XXVIII  (1957), 
147-52. 

56.  Smith,  J.  L.  and  M.  F.  Bozymowski.  "Effect  of  Attitude  Toward 

Warm-Ups  on  Motor  Performance,"  Research  Quarterly,  XXXVI  (1965), 
78-85. 

57.  Smith,  L.  H.  "A  Study  of  the  Effect  of  Warm-Up  on  Speed  of 
Running."  Unpublished  Master's  thesis,  State  University  of 
Iowa,  Iowa  City,  I960. 

Start,  K.  B.  "Incidence  of  Injury  in  Muscles  Undergoing  Maximum 
Isometric  Contraction  Without  Warm-Up,"  Archives  of  Physical 
Medicine  and  Rehabilitation,  XLII  (1962),  284-86. 


58. 


•»..  igil.  -rto^bnoM  .0  I  .  s  «\ 3M 


9V  \+  TBqa  -  ;r 


3:2  ,  i  -  '■  e  ’  jj 

•  '  i  «yj  iQ  -‘  io 


59. 


j  and  J.  Hines.  "The  Effect  of  Warm-Up  on  the  Incidence  of 
Muscle  Injury  During  Activities  Involving  Maximum  Strength,  Speed 
and  Endurance,"  Journal  of  Sports  Medicine  and  Physical  Fitness, 
III  (1963),  208-17. 

60.  Steacy,  G.  B.  "Relationships  Between  Warm-Ups  and  Physical  Perfor¬ 

mance."  Unpublished  Masters  thesis,  Consolidated  University  of 
North  Carolina,  Greensboro,  I960. 

61.  Swegan,  D.  B. ,  G.  T.  Yankosky,  and  J.  A.  Williams.  "Effect  of 

Repetition  Upon  Speed  of  Preferred-Arm  Extension,"  Research 
Quarterly,  XXIX  (1958),  74-82. 

62.  Thompson,  H.  "Effect  of  Warm-Up  Upon  Physical  Performance  in 

Selected  Activities,"  Research  Quarterly,  XXIX  (1958),  231-46. 

63.  Van  Huss,  W.  D. ,  L.  Albrecht,  R.  Nelson,  and  R.  Hagerman.  "Effect 

of  Overload  Warm-Up  on  the  Velocity  and  Accuracy  of  Throwing," 
Research  Quarterl v ,  XXXIII  (1962),  472-75. 

64.  Warner,  J.  F.  "Warm-Up  for  Cross  Country,"  Journal  of  the  American 

Association  for  Health-Physical  Education-Recreation, '  XXV  (1954), 

12. 

65.  Winer,  B.  J.  Statistical  Principl es  in  Experimental  Design.  New 

York;  McGraw-Hill,  1962. 


j  ,  .\  >a;.  r  . 


■ 


APPENDIX  A 


INSTRUCTIONS  TO  SUBJECTS 


INSTRUCTIONS  TO  SUBJECTS  BEFORE  TWENTY-FIVE  SECOND  BICYCLE  RIDE 


When  you  see  the  stimulus  light  go  on  you  are  to  pedal  as  hard 
and  as  fast  as  you  can.  I  am  interested  in  finding  out  how  quickly 
you  can  reach  your  top  speed  and  how  long  you  can  keep  it  up.  After 
about  ten  seconds  you  will  start  getting  tired  but  just  keep  going  as 
fast  as  you  can.  I  will  tell  you  to  stop  in  twenty-five  seconds. 


APPENDIX  B 


INDIVIDUAL  SCORE  SHEET 


UNIVERSITY  OF  ALBERTA 

DATA  SHEET 


NAME 

DATE 

ADDRESS 

TEMP. 

PHONE 

SCOUT  TROOP 

Available  for  re-test  in:  July  August 

Parental  Consent 

Age  _  _  Height  _  Weight 

years  months 

j..i .  1 . ,L  (  . /  '  l  •  '  ,-j 

EXPERIMENTAL  CONDITION  _ 


VELOCITY 

TIME 

MUSCULAR  ENDURANCE 


RESPIRATION 

HEART  RATE 

1-5  1 

-  5 

6-10  6 

-  10 

11-15  11 

-  15 

16  -  20  16 

-  20 

21  -  25  21 

-  25 

COMMENTS: 
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APPENDIX  C 

INDIVIDUAL  ACCELERATION,  VELOCITY,  AND  MUSCULAR  ENDURANCE  SCORES 


FOR  EACH  TREATMENT  COMBINATION 


INDIVIDUAL  SCORES 


Acceleration 


Velocity 


Muscular 

Endurance 


Dn 


T1 

T: 

t" 


IlD2 


T 

T 


2 


T1 

d3  t2 

t3 


T 

Di  T 


1 


i2D2 


T, 

T 

t; 


2 


Ti 

d3  t2 
To 


Control 


3.56 

2.  74 

2.  70 

1.60 

2.50 

1.95 

33.9 

49.4 

40.0 

3.06 

3.32 

2.00 

1.  75 

1.  76 

2.83 

35.8 

38.0 

59.2 

3.14 

2.45 

2.22 

1.90 

2.42 

2.  79 

38.2 

48.2 

56.2 

3.65 

3.25 

2.20 

1.45 

2.49 

1.85 

30.5 

43.5 

44.0 

2.67 

2.  70 

2.45 

2.00 

2.00 

2.05 

50.6 

44.  7 

58.0 

3.02 

2.48 

2.23 

2.40 

2.93 

2.  75 

40.4 

44.6 

55.3 

2.85 

3.35 

2.38 

2.07 

1.62 

8.84 

44. 1 

34.5 

59.0 

3.90 

2.33 

2.34 

1.37 

2.53 

2.38 

27.0 

54.0 

53.5 

3.15 

2.  73 

2.10 

2.64 

2.11 

2.39 

34.0 

38.  8 

51.1 

3.38 

3.15 

2.96 

1.85 

1.64 

2.47 

38.5 

35.3 

49.6 

3.15 

3.05 

3.38 

1.  75 

1.88 

2.00 

31.4 

39.3 

40.3 

2.55 

2.80 

2.  75 

2.  75 

1.45 

2.25 

35.8 

29.5 

47.4 

2.27 

3.45 

3.16 

2.43 

2.55 

2.31 

47.4 

51.3 

46.4 

2.60 

1.92 

2.13 

2.92 

2.96 

2.51 

37.2 

66 . 8 

53.6 

2.85 

2.18 

2.60 

2.00 

2.  73 

2.92 

36. 1 

54.4 

59.4 

2.  75 

4.06 

3.10 

2.19 

2.30 

2.28 

43.0 

47.2 

47.4 

2.  75 

2.90 

2.85 

1.54 

2.25 

2.42 

31.5 

48.4 

47.5 

2.35 

2.15 

2.50 

1.90 

2.17 

2.  65 

35.5 

43.3 

51.9 

3.  75 

3.20 

2.48 

1.53 

2.62 

2.57 

49.  7 

36.2 

56.0 

3. 36 

3.10 

2.07 

2.42 

2.56 

2.49 

31.6 

39.5 

49.8 

2.40 

2.15 

2.50 

1.51 

1.82 

2.86 

32.8 

53.0 

52.4 

3.25 

2.50 

2.33 

1.89 

1.67 

2.30 

36 . 8 

53.4 

53.5 
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APPENDIX  D 


ADJUSTED  AND  UNADJUSTED  MEANS  FOR  EACH  TREATMENT  CONDITION 


■ 


UNADJUSTED  AND  ADJUSTED  MEANS 


Muscular 

Treat-  Acceleration  Velocity  Endurance 

ment  Weight  Unadj.  Adj.  Unadj.  Ad j .  Uhad j -  Ad j . 


102.6 

3.000 

2.918 

2.017 

2.086 

41.10 

42.57 

D1 

t2 

112.0 

2.  793 

2.908 

2.113 

2.027 

44.33 

42.45 

T3 

113.0 

2.603 

2.  781 

2.370 

2.234 

47.53 

44.58 

Tl 

105.0 

3.033 

3.071 

1.950 

1.980 

39.33 

39o96 

:iD2 

t2 

123.  7 

2.607 

2.966 

2.473 

2.194 

51.10 

45.04 

T3 

116.3 

2.577 

2.  782 

2.217 

2.059 

46.7  7 

43.33 

Tl 

105.3 

2.860 

2.834 

2.177 

2.201 

45.87 

46 . 38 

D3 

T2 

114.  7 

2.85  7 

3.027 

2.093 

1.963 

44.83 

42.00 

Ti 

112.  7 

2.660 

2.  788 

2.047 

1.950 

41.30 

39.18 

Ti 

97.0 

3.027 

2.826 

1.987 

2.150 

41.13 

44.63 

Di 

T2 

97.3 

3.000 

2.806 

1.877 

2.034 

37.00 

40.38 

h 

87.  7 

3.030 

2.633 

1.817 

2.135 

37.57 

44.41 

TX 

106.3 

2.573 

2.569 

2.430 

2.438 

48.  37 

48.52 

i2d2 

t2 

112.  7 

2.517 

2. 645 

2.463 

2.366 

50.87 

48.  77 

T3 

109.  7 

2.630 

2.895 

2.550 

2.503 

49.97 

48.92 

Ti 

94.  7 

2.617 

2.367 

2.25  7 

2. 459 

45.87 

50. 20 

d3 

T2 

108.0 

3.037 

3.06  7 

2.0  70 

2.051 

42.47 

42.02 

£ 

101.0 

2.817 

2.  700 

2.240 

2.337 

43.57 

45.63 

Experi 

mental 

Mean 

106.7 

2.  791 

2.  792 

2. 175 

2.176 

44.39 

44.39 

Control 

Mean 

100.2 

2.  75  7 j 

2.644 

2.186 

2.284 

45.39 

47.  37 
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APPENDIX  E 


COEFFICIENTS  FOR  TREND  ANALYSIS 


COEFFICIENTS  FOR  ANALYSIS  OF  COVARIANCE  ON  TREND 
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